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CONTROL OF TUBERCULOSIS 
IMPORTANCE OF HEREDITY AND ENVIRONMENT 


BY 


A. W. ANDERSON,* B. BENJAMIN, R. GRENVILLE-MATHERS, 
AND H. J. TRENCHARD 
From the Harrow and Edgware Chest Clinics, Middlesex 


INTRODUCTION 


From many standpoints, but especially that of 
planning public health measures, it is important to 
know whether the development of manifest tuber- 
culous disease depends principally upon the inherent 
susceptibility of the individual, or whether the factors 
of dosage of bacilli, exposure to infection, and 
fluctuations in resistance determined by environ- 
mental conditions outweigh in importance any 
influence that may be exerted by heredity. All 
physicians treating tuberculosis know of families 
with a high incidence of the disease, and it has 
seemed probable to them that in some instances the 
influence of heredity may be decisive. The question 
is important because we can do little to influence 
heredity whereas it may be possible to control the 
other factors. 

Animal experiments support the idea that there 
is an hereditary resistance to the development of 
tuberculosis. Wright and Lewis (1921), working on 
guinea pigs, the progeny of brother-sister matings 
carried out for many generations, found marked 
differences in resistance to experimental infection. 
As shown by the length of life after inoculation with 
tubercle bacilli, some. offspring had a greater 
resistance to the disease than did their parents, and 
these differences could be maintained for several 
generations. This work was continued by Lurie 
(1941), who used eight rabbit families all having a 
common ancestor. The animals were exposed in 
cages to rabbits which had been infected intra- 
venously with virulent tubercle bacilli. Such a 
procedure produced a chronic type of disease, the 
urine being the main source of infection. The lungs 
of the contact rabbits were x-rayed every month 
and it was found that these rabbit families fell into 
three groups: 

(1) those developing chronic disease; 

(2) those developing rapidly progressive disease; 


(3) those developing disease intermediate between 
(1) and (2). 





* Mary Scharlieb Research Student, University of London. 


In such an experiment the dosage of bacilli 
entering the respiratory system is unknown, but 
when the resistance to a standard dose of tubercle 
bacilli was tested the rabbit families fell into the 
same three groups as with natural infection. From 
these experiments it appears that families with dif- 
ferent degrees of resistance can be created by 
inbreeding and that the differences can be main- 
tained through several generations. It must be 
noted, however, that marked differences in individual 
resistance were always present, and that the level of 
resistance of a particular family could be gauged 
only by the percentage of survivors in each group 
exposed to infection. Further, when members of the 
various families were exposed to large doses of 
bacilli, these differences were obliterated and all the 
rabbits succumbed in 5 to 6 weeks. 

In human beings, Pearson (1907) found that when 
both parents were tuberculous 57 per cent. of the 
offspring had pulmonary tuberculosis, whereas only 
29 per cent. of the offspring developed pulmonary 
tuberculosis when only one parent was tuberculous. 
Pearson dealt only with pulmonary tuberculosis and 
his selection of families was probably unrepresenta- 
tive, since 22 per cent. of the offspring developed 
pulmonary tuberculosis when neither parent was 
tuberculous. He collected his information by 
questioning 383 patients in a sanatorium, all of 
whom had pulmonary tuberculosis and were aged 
20 or over. Such a method is of dubious value. 
Unpleasant facts about one’s family may be readily 
forgotten and parents sometimes také great care to 
conceal from their children that they have ever 
suffered from tuberculosis. Pope (ed. and rev. 
Pearson, 1908) considered that they had disposed of 
the view that infection plays a dominant role in the 
aetiology of tuberculosis by comparing the frequency 
with which non-tuberculous marital partners con- 
tracted tuberculosis from the spouse, with the 
frequency with which children contracted the disease 
from tuberculous parents. Such a comparison does 
not take into consideration the differing incidence 
of the disease in different age groups (Springett, 
1952), and their conclusions are, therefore, invalid. 
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The effect on household associates of exposure to 
sputum-positive cases is well known (Downes, 1935; 
Grenville-Mathers and Trenchard, 1953; Zeidberg, 
Dillon, and Gass 1954). Wolff and Ciocco (1942) 
analysed the death records of 968 husbands and 
wives and 968 brothers and sisters, one of whom was 
also a spouse of the former group. They found a 
distinct association for death from tuberculosis 
among both groups. They considered that the 
former was due to infection, but argued that siblings 
are not in such close contact with the patient and 
that the association for siblings pointed to the effect 
of an hereditary factor. Puffer (1944) found that 
consorts exposed to an open case of pulmonary 
tuberculosis frequently developed manifest tuber- 
culosis. The risk was greater where the consorts 
came from families believed to be susceptible because 
of disease in parents or siblings. In the children of 
tuberculous persons, the disease was found as 
frequently in those who had not been exposed to the 
parent when he had the disease, as in those exposed 
to risk in the household. She presumed from this 
that the children of tuberculous parents were 
susceptible to the disease. 

More definite evidence has come from twin 
studies. Thus Kallmann and Reisner (1943) found 
that, for monozygotic twins, there was a high 
probability of both developing tuberculosis. In this 
context twins cannot be regarded as typical of the 
population as a whole. Kallmann and Reisner also 
found that the chance of developing tuberculosis 
increased in strict proportion to the degree of blood 
relationship to a tuberculous index case, but their 
method of analysis is not clear. 

We therefore lack definite evidence that an 
hereditary factor plays a predominant part in the 
development of tuberculosis in humans. On the 
other hand, the marked influence of environment in 
the broad sense, as governed by econornic condi- 
tions, is now clearly established in the development 
of the disease. It is more common in poorer-class 
areas and in over-crowded housing conditions. 
Benjamin (1953) has shown for the London 
boroughs a high association of mortality and 
morbidity with the proportion of occupied and 
retired men in Social Class V and with the density of 
housing (persons per room), but he found it im- 
possible to isolate statistically the separate aetio- 
logical influences constituting environment. Stein 
(1954) made a comparison between Birmingham and 
Glasgow, where the death rates from tuberculosis 
and housing conditions as indicated by available 
rooms per household are widely different. She also 
pointed out that the deaths in Glasgow increased as 
the rooms per household decreased. 


For an evaluation of the relative importance of 
the soil and the seed in the aetiology of tuberculosis, 
analyses considering both domiciliary exposure to 
disease and the family relationship of the members 
of the household are needed. It seems justifiable to 
presume that members of the same household usually 
have approximately the same standard of living. With 
environment a common factor, heredity and close- 
ness of contact become the main variables. If 
heredity is pre-eminent in the pathogenesis of tuber- 
culosis, we should expect more cases in the blood 
relatives of the index case than in the other domi- 
ciliary contacts. 


METHOD 


At the Edgware and Harrow Chest Clinics great atten- 
tion has always been paid to the examination of all 
domiciliary contacts of notified tuberculous cases. These 
contacts comprise both the blood relatives of the index 
case and those who are not blood relatives. The former 
include fathers, mothers, sons, daughters, brothers, and 
sisters; the latter include brothers-in-law, sisters-in-law, 
and friends or lodgers living as members of the household. 
Husbands and wives are not blood relations but stand in 
a special position so far as contact is concerned and 
require separate consideration. 

For the investigation here reported we have used only 
those index cases diagnosed as tuberculous in Middlesex, 
and have excluded already diagnosed patients transferred 
in from other administrative areas. Altogether there were 
2,330 index cases; their ages and type of disease are given 
in Table I. We have dealt with 6,537 contacts of these 
index cases. As only 32 grandparents of the index case 
were available, these were excluded from the analysis. 
The presence or absence of disease in contacts was deter- 
mined by clinical and radiological examination of the 


TABLE I 


AGE DISTRIBUTION AND TYPE OF DISEASE IN 2,330 INDEX 
CASES OF TUBERCULOSIS 














Respiratory 
Age Non- Tuberculosis 
Group Pleural Respiratory 
(yrs) Effusion | Tuberculosis} Sputum- | Sputum- | Totals 
Negative Positive 
o- 4 3 il 17 1 32 
5-9 11 17 34 3 65 
10-14 18 17 30 21 86 
15-24 98 25 258 395 776 
25-34 23 14 191 338 566 
35-44 10 12 102 248 372 
45-54 3 3 60 176 242 
55-64 2 1 34 101 138 
65 and 
Over ~- — 21 32 53 
Totals 168 100 747 1,315 2,330 
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individuals concerned and not by the statements of the 
patient. Only those who were actually in contact with 
and living in the same household as the index cases were 
considered. Thus lodgers who did not live with the 
family and married children living in their own part of 
the house as a separate flat were not considered to be 
members of that household. By reason of the nature of 
the area in which the survey was undertaken, all the 
patients and contacts lived in conditions of approxi- 
mately the same standard. Post-war conditions of 
crowding caused many households to shelter both rela- 
tives and non-relatives of the index cases. The area, 
comprising the boroughs of Harrow and Hendon and 
part of the borough of Wembley (population circa 
450,000), is almost entirely residential, a large proportion 
of the houses being of the modern three-bedroom, semi- 
detached villa type, occupied by artisans and members 
of the lower middle-class. 

The contacts were classified by age and by relationship 
to the index case (i.e. “son”, ““daughter’’, “father’’, etc., 
where specific blood-relationship existed; “spouse’’, and 
“‘non-relative’’ where no blood-relationship existed). 

All tuberculous contacts were further sub-divided into 
those found to have tuberculosis when first seen (usually 
within 2 months of the index case being diagnosed), and 
those developing tuberculosis later. The period of 
observation of all contacts was also noted. 

Where there were two or more cases of tuberculosis in 
a household, the patient first diagnosed was regarded as 
the index case, but if a child and an adult were found 
within a few weeks of each other, the adult was regarded 
as the index case. All the index cases considered were 
first diagnosed as tuberculous while living in the area 
under review. 


RESULTS 


In comparing the incidence of tuberculosis at first 
examination in the various groups of contacts, 
account was taken of their different age structure; 
the expected numbers of cases were calculated by 
applying age-specific rates for all contacts combined 
to those at risk at each age in the different groups. 
This was done separately for male and female 
contacts. The following age groups were used for 
each sex: 0-14, 15-24, 25-34, 35-49, 50 and over. 

In the same way annual attack rates were calcu- 
lated for each age group, and expected cases in the 
different groups were obtained by applying these 
age-specific rates for all contacts to those in con- 
tinued contact with the index case. The results are 
summarized in Table II. Incidence on and after 
diagnosis of the index case must be regarded as 
complementary, since whether the disease develops 
in a contact before the diagnosis of the index case 
depends on the length of time that the index case 
remains undiscovered. Attention should therefore 
be focused on the final column of Table II, which 
relates to total incidence. 

The observed number of tuberculous individuals 
did not exceed the expected number to a statistically 
significant extent for any group of contacts except 
wives. There is thus no evidence of a greater 
susceptibility to disease in blood relatives. More- 
over, it must be noted that the groups of contacts 
have been arranged in Table II in an order deter- 
mined by the degree of infectiousness of the index 

















TABLE II 
SECONDARY CASES OF TUBERCULOSIS OCCURRING AMONGST THE 6,537 CONTACTS 
Incidence of Tuberculosis 
Per cent. Present when First Seen Developed Later 

of Related Ratio of 

Sex of Relationship of No. of | Index Cases Number Number Total 
Contact | Contact to Index Case | Contacts who were Expected | Ratio of Expected | Ratio of | Observed 
ever Sputum-| Number |(on overall-| Observed | Number |(on overall-| Observed | to Total 
Positive Observed | sex-age- to Observed | sex-age- to Expected 

caus Expected specific | Expected 
rates) rates) 

Grandson ee 50 86 3 2-6 (1-2) 0 0-4 (—) (1-0) 

Son = ee 958 79 43 48-8 0-9 17 16-5 1-0 0-9 

No relative “ 336 66 iB) 12:1 1-2 1 1-7 (0-6) 1-2 

Male Husband. . = 444 64 is 12-4 1-2 5 $-7 0-9 1-1 
Nephew én 95 60 3 $-1 (0-6) 0 0-7 (— (0-5) 

Brother 599 50 28-0 1-1 9 4°5 2-0 1-2 

Father 533 41 il 12-0 0-9 1 3-4 (0-3) 0-8 

Wife a i 668 78 25 15-3 1-6 13 13-9 0-9 1-3 

No relative “< 339 70 12 11-0 1-1 l 1-9 (0-5) 1-0 

Niece = ‘ 87 64 3 3-4 (0-9) 1 0-3 (3-3) (i-t) 

Female Daughter ie 936 63 38 37-9 1-0 8 12-5 0-6 0-9 

Sister .. ‘ 707 51 20 29-8 0-7 15 8-2 1-8 0-9 
Granddaughter .. 36 47 2 1-4 (1-4) 0 0-2 (—) (1-3) 

Mother .. os 749 43 9 10-0 0-9 3 3-9 (0-8) 0-9 



































(Rates in brackets are based on very small numbers of cases) 
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case as assessed by sputum state. Ignoring the groups 
with very small numbers (bracketed rates) and 
considering both sexes together, there is at least a 
suggestion that the relative incidence of tuberculosis 
exhibits a similar gradient. In the Figure the ratios 
of observed cases to expected cases have been plotted 
against the sputum-positivity of the index cases. The 
straight line is a “‘least squares” fit to the whole data 
of Table II (vy = 0:00423X + 0-742). The main 
departures from this gradient are wives, brothers, 
sons, and daughters, and of these the quality of 
contact offers partial explanation. It can be pre- 
sumed, for example, that the probably high degree 
of contact between spouses increases the effective 
infectiousness of the index case. 

Table III (opposite) gives, by age groups for the 
main groups of contacts, the percentage in contact 
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with a sputura-positive index case. In general, irres- 
pective of the degree of infection to which they are 
exposed, fe:nales do not often break down after age 
35. This Table also shows the relative disadvantages 
of wives aged 15 to 24 years and husbands aged 25 to 
34 years. The closer degree of contact has already 
been noted as increasing the relative infectivity of 
the index case. Non-relatives do not appear to have 
any special advantage over blood relations. 

It appeared possible that the effect of any heredi- 
tary factor may have been swamped by the great 
influence of environment, and the data were there- 
fore analysed using only houses in which two or 
more cases of tuberculosis had occured (Table IV, 
opposite). 

These were chosen as being likely to be biased, 
since they would probably contain individuals with a 


Wife 
© 
Brother 
0) ONon relative 
Husband (Male) 
0} 


© Non relative 
(Female) 


12) ° 


© 10) 
Mother Sister Daughter Son 


© 
Father 








U T U 
1@) 10 20 30 


| 1 ' i= 
40 50 60 70 


PERCENTAGE INDEX CASES SPUTUM-POSITIVE (x) 


FiGure.—Ratios of observed to expected incidence of tuberculosis in contacts plotted against sputum-positivity of index cases. 





“HARD 


al, irres- 
they are 
ifter age 
antages 
ed 25 to 
already 
fivity of 
to have 


heredi- 
1e great 
e there- 
two or 
ible IV, 


biased, 
s with a 


CONTROL OF TUBERCULOSIS 5 


TaBLe IIT 


INCIDENCE OF DISEASE IN MAIN GROUPS OF CONTACTS 
WHEN FIRST SEEN 





Percentages Relationship of Contacts 
Affected with 
Tuberculosis Male 

and in Contact 

with a Sputum- Other Other 
Positive Case rela- rela- 
tive tive 


Affected .. ° 5-4 : 3-8 
In Contact . . 57 53 
Affected .. . 3-4 3-9 
In Contact .. 63 77 65 





Female 




















Affected .. , ° , 5-5 3-7 





In Contact .. 73 49 





Affected 0 
In Contact ~ 66 62 


0-9 











Affected 3-4 | 0 ; 1-8 





50 and ——, eS soaiiteal 
Over In Contact .. 70 72 q 79 





























(Rates in brackets based on very small numbers of cases) 


lowered resistance to disease. But these households 
proved to be mainly those in which the index case 
was sputum-positive. On the whole, Table IV tells 
the same story as Table II, with the degree of 
infectivity of the index case and the closeness of 
contact tending to be more important than blood 
relationship. 


TABLE IV 
HOUSES WITH TWO OR MORE CASES 





Per cent. of 
Relation- Related 
ship of Number | Index Cases 
Contact to of ever 
Index Case | Contacts Sputum- 
Positive 


Ratio of Total 
Observed Cases of 
Tuberculosis to 
Total Expected 
during Period of 
Observation 





Son - 171 90 1-09 
Husband 61 86 1-3 
Nephew 31 84 (0-3) 

No 

relative 77 
Brother . . 127 
Grandson & 
Father . 69 


Grand- 
daughter 9 
Daughte 138 
Niece .. 35 
Female | Wife .. 107 
No 
relative 86 0: 
Sister .. 149 0- 
Mother . . 94 1- 




















(Rates in brackets based on very small numbers of cases) 


DISCUSSION 


The results presented here differ from those 
reported by Puffer, Zeidberg, Dillon, Gass, and 


Hutcheson (1952) and Kallmann and Reisner (1943), 
in which the attack rates for close relatives (parents, 
siblings, and children) were found to be higher than 
for other contacts. Puffer and others (1952) and 
Zeidberg and others (1954) also found that the house- 
hold associates were most liable to develop clinical 
disease during infancy, early childhood, and early 
adult life. We found, on the other hand, that the 
risk of developing clinical disease appears to be 
related to the degree of infectivity of the index case 
(except that females do not tend to break down 
often after age 35). This is in accord with the 
commonly accepted findings in Great Britain. 

Pulmonary tuberculosis in adults may be the 
result either of a recent primary infection or of a 
re-infection, which may be either endogenous or, 
more probably, exogenous (Willis, 1925; Krause, 
1926). If the re-infection be mainly exogenous, the 
degree of exposure of any contacts must clearly be a 
factor in the development of tuberculosis. The 
Prophit survey (Daniels, Ridehalgh, Springett, and 
Halli, 1948) found that only when the degree of 
exposure to infection was sufficienctly great and the 
number of infections sufficiently high, did the 
morbidity in the initially tuberculin-negative re- 
actors in the survey begin to exceed that in the 
initially tuberculin-positive reactors. 

Lurie (1941), in his experimental work in rabbit 
families, found that, although there was an heredi- 
tary transmissible factor in resistance to tuberculosis, 
the differences between the various families were 
obliterated when exposure to infection was high. 

The annual attack rates in our survey were higher 
than those in surveys reported from the United States 
of America. It seems probable, therefore, that in the 
conditions which have prevailed in our chest clinic 
areas during the past few years the possible influence 
of any hereditary factor has been obliterated by the 
high degree of infectivity to which the contacts have 
been exposed. In this investigation we have dealt 
only with the household associates of notified cases 
of tuberculosis (the great majority being respiratory 
tuberculosis). Our usual criteria for notification of a 
case of respiratory tuberculosis are the presence of a 
positive sputum, radiological evidence of cavitatory 
disease, or spreading infiltration on serial films, so 
that many of our index cases classified as sputum- 
negative may well have been infectious. Our findings, 
like those of the Prophit survey, suggest therefore 
that (in one urban area at least) environmental 
factors and the degree of exposure to infection are 
of predominant importance in the development of 
tuberculosis. 





6 A.W. ANDERSON, B. BENJAMIN, R. GRENVILLE-MATHERS, AND H. J. TRENCHARD 


SUMMARY 


An investigation into the relative importance of 
heredity and environment is based on the 6,537 
domiciliary contacts of 2,330 cases of tuberculosis. 
The incidence of disease in blood-relations, spouses, 
and non-relatives was compared after standardiza- 
tion of age-specific rates. No effective hereditary 
factor could be found, but the degree of infectivity 
and the closeness of contact with the index case 
seemed to be related to the incidence of tuberculous 


disease in contacts. 


We wish to thank the Hendon Group Hospital 
Management Committee for help towards the clerical 
expenses. 
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HOUSING AND TUBERCULOSIS 
IN A MASS RADIOGRAPHY SURVEY 


BY 


G. Z. BRETT anp B. BENJAMIN 
From the North-West Metropolitan Regional Hospital Board 


This study is concerned with the specific associa- 
tion of housing conditions with the prevalence of 
tuberculosis as found in a 3-year survey by a static 
Mass Radiography Unit in the Metropolitan 
Borough of Islington (Brett, Benjamin, Craig, 
Wallace, and Freeman, 1956). It does not attempt to 
examine this association from the point of view of 
the spread of tuberculosis once an infector is intro- 
duced into the household; it is solely concerned with 
the question whether poor housing, as one of the 
elements of poverty, does in fact have any specific 
bearing on the incidence of the disease. It was 
thought that an analysis of individual households in 
relation to tuberculosis might be of value in view of 
earlier studies (Stein, 1952; Benjamin, 1953) based 
on the relationship between morbidity or mortality 
rates and general housing conditions as revealed in 
censuses or surveys in local authority areas or sub- 
divisions thereof, the whole area being ranked by 
those indices without any specific relationship 
between the households which were tuberculous and 
those which were overcrowded. 


METHOD 


The housing densities (persons per room) of 
15,836 unselected households were obtained from 
individual adult male examinees residing in the 
borough of Islington. In the first instance, 1,160 
one-person households (i.e. lodgers) were excluded, 
since they would heavily weight the one person per 
room category. (These were subsequently examined 
separately). The index was calculated from the 
number of persons and number of rooms in each of 
the remaining 14,676 households, and the figures 
were then related to the 190 cases of active res- 
piratory tuberculosis discovered in this group. Only 
cases requiring some form of treatment were 
classified as “‘active”’. 

The data were also subdivided according to social 
class. By combining Social Classes I and II, and 


IV and V, and by grouping housing density into 
three broader categories, larger groups were made 
available. 


RESULTS 


There is a suggestion that those housed at a 
density of less than one person per room experience 
lower morbidity than the other categories (Table 1). 
There is no evidence, however, of a rise in morbidity 
with increased crowding even in this broad analysis. 


TABLE I 


INCIDENCE OF ACTIVE TUBERCULOSIS RELATED TO 
HOUSING DENSITY 





Cases of Active 
Tuberculosis 
No. 

Examined 


Persons per Room 





Rate per 
Thousand 


9°83 
6-9 
2-4 


No. 





4,880 48 


Less than one 
One 4,543 77 


1 
5,253 65 1 


More than one 














The relation between social classes and housing is 
shown in Table II. As in Table I there is a lower 
incidence of disease in the “less than one person per 
room” group. In addition, the analysis by social 
class supports the findings of higher incidence in 
Social Classes TV and V which has been previously 
reported for this sector of the Islington population 
(Brett and others, 1956). There is, however, no 
gradient in morbidity with increased crowding. 


TABLE II 


INCIDENCE OF ACTIVE TUBERCULOSIS (PER THOUSAND) 
RELATED TO SOCIAL CLASS 





Social Class 
I and II Ill IV and V 
7-9 (3) 8-5 (26) | 12-0 (14) 


14-0 (3) | 15-1 (44) | 16-1 (22) 
12-7 (2) | 10-0 (34) | 17-1 (28) 





Persons per Room 
Unspecified 


17-7 (5) 
31-5 (8) 
13-9 (1) 





Less than one 





More than one .. 














No. of cases in brackets 
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TABLE III 
DISTRIBUTION OF CASES OF TUBERCULOSIS 





Social Class I and II 


Un- 


Ill IV and V specified 7 





Age Group (yrs) 15-24 25-44 45+ 


25-44 45+ 25-44 45+ | 45+ 





3 (1-5) 
ay 


—() 


—-—| -o 
(1-9) 
(1-5) 


Persons Less than one .. 
per 
Room 


—-¢& 


me inns - 3 
More than one. . —(- 2 

















4(1-0) | 9¢ 
3 (0-5) | 16¢ 
13 (1-3) ] 11¢ 


17 (0-9) 
13 (1-1) 
10 (1-2) 


6 (0-4) 
25 (1-5) 


0 
1- 
22 (1:0) 1 




















Numbers in brackets are the ratios of the number of cases observed to the number expected on the basis of the rate, specific for age and 


social class, for all housing groups combined. 


The possibility that examinees in a better housing 
category may belong to an older age group with a 
lower attack rate led to the investigation of the age 
differential (Table III). 

The ratio of the actual numbers of cases to the 
numbers of “expected” cases, calculated for each 
group, allowing for age and social group variations 
but assuming no variation with housing density, 
showed no gradient in the prevalence of tuberculosis 
with rising housing density. All the ratios in the first 
line except one are equal to or less than unity. All 
the other ratios, except one or two based on very 
small numbers and without significance, are greater 
than unity. But the ratios in the third line are not 
generally greater than those in the second line. It 
seems likely that what we are observing is a separa- 
tion in terms of lighter incidence of those enjoying 
“above average” housing conditions, i.e. that the 
housing index of “less than one person per room” 
screens off the higher economic strata of each of the 
social classes. But this is not the separation of a 
specific housing factor which remains inseparable 
from the general complex of social conditions. 

Table IV provides a separate analysis of the inci- 
dence of tuberculosis in the “lodger’”’ examinees. 

It would appear that lodgers in Social Classes 
IV and V are likely to prove a specially productive 
field of investigation for mass miniature radi- 
ography. 

TABLE IV 


INCIDENCE OF ACTIVE TUBERCULOSIS IN 
MEN IN LODGINGS 





Social Class I and II IV and V |Unspecified 

No. Examined .. 79 27 

No. of Cases of 
Tuberculosis .. 

Rate per 1,000 .. 





1 12 
{12-7} ‘ . pate 

















DISCUSSION 


A comparison of tuberculosis morbidity in areas 
with poor housing conditions with that in better 
residential areas has invariably shown a higher 
prevalence of disease in the former. Keith (1951) 
found twice as many cases of respiratory tuberculosis 


in the slums of Cincinnati as in better residential / 
districts. Willner (1952), analysing slum tuberculosis | 
and taking into consideration various factors asso- 
ciated with a low standard of living, thought that a 
greater drop in the tuberculosis rate could be 
achieved by improved housing than by education. § 

In Scotland, Stein (1950, 1952) has analysed com- | 
prehensively the influence of the social complex on 
tuberculosis morbidity and mortality in Edinburgh 
and Glasgow. She found that all social variables 
have an association with the disease, but that ordi- 
nary crowding and over-crowding have a higher 
correlation. One of us (Benjamin, 1953) has stressed | 
the difficulty of assessing the role of each variant of 
the social complex in relation to tuberculosis, and 
was unable to reach a definite conclusion about the 
specific effect of housing conditions on tuberculosis 
morbidity in London boroughs. 

It might be suggested that the priority re-housing 
of crowded tuberculous households may have been 
responsible for the absence of any rise in incidence 
in the “more than one person per room” group as 
compared with the “one person per room” group 
in the present inquiry. The numbers of families re- 
housed by the Borough of Islington principally on 
account of tuberculosis in the years 1951-55 inclu- 
sive is 119. In addition, probably two or three 
hundred tuberculous households have been rehoused | 
by the L.C.C., though no precise figures are avail- 
able. While the above are significant numbers, it 
should be borne in mind that these are known 
tuberculous cases which would not attend for mass 
radiography examination and would therefore be 
absent from all groups in our investigation. How- | 
ever, consideration of this factor gives us the 
opportunity of emphasizing that we are concerned 
with prevalence in the sense of the likelihood of | 
discovering unsuspected cases of tuberculosis by 
means of mass radiography. 

The present study based on an analysis of individual 
households has shown that there is no simple direct 
relationship between housing density and the inci- 
dence of active post-primary respiratory tuberculosis 
as revealed by mass radiography. It has, however, 
underlined the importance of what is broadly termed 
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the social complex. Thus the search for the unknown 
infector is probably best based on the general social 
conditions of an area, with a population analysis by 
socio-economic groups as the most reliable criterion, 
rather than on data concerned specifically with 
housing. It must be borne in mind that we are deal- 
ing here with the incidence of cases discovered by 
mass miniature radiography, and that the negative 
finding does not imply that overcrowded housing 
does not increase the risk of spread of disease within 
the household. 


SUMMARY 
A possible association of housing conditions in 


14,676 individual households in the Metropolitan 
Borough of Islington with 190 cases of active post- 
primary tuberculosis discovered by mass miniature 
radiography was investigated. 

The commonly found association with general 
economic and social circumstances was demons- 
trated, but there was no gradient in tuberculosis 
morbidity in relation to rising housing density. 
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CONTRIBUTION OF CIGARETTE SMOKING 
TO RESPIRATORY DISEASE 


J. H. EDWARDS 
From the Department of Social Medicine, University of Birmingham. 


Evidence is accumulating of the association 
between cigarette smoking and carcinoma of the 
lung (Doll and Hill, 1952), respiratory tuberculosis 
(Lowe, 1956), and chronic bronchitis (Leese, 1956a). 
The purpose of this paper is to compare the intensity 
of these associations, to consider to what extent 
smoking may have influenced the incidence of these 
diseases, and to assess the relative effects of different 
degrees of smoking on life expectation. 


MATERIAL 


The analysis is based on published data. Doll 
and Hill’s data refer to several series of consecutive 
patients with cancer of the lung, and patients with 
other diseases matched by sex and age; the total 
comprises 1,465 matched pairs (1,357 male and 
108 female). A smoking history was taken from each 
pair, and there is overwhelming internal evidence 
that any biasses of the observations were trivial. 

Lowe’s data on tuberculosis refer to the smoking 
habits of 1,200 patients who were in sanatoria or 
attending chest clinics, and 979 “controls” taken 
from accident and general surgical cases; they are 
subdivided by sex and age (in decades). For this 
reason, and because they were more recent, Lowe’s 
data on controls will be used throughout in estimat- 
ing the probable influence of smoking on the liability 
of the population to cancer and tuberculosis of the 
lungs. 

Leese’s data form part of an inquiry into the 
histories and habits of 100 patients admitted to 
hospital because of an acute exacerbation of chronic 
bronchitis and 100 controls matched in respect of 
age and sex, selected from other ward patients. 


METHOD 


Relative liability to a disease, in relation to an 
attribute such as the number of cigarettes smoked, 
is proportional to the ratio of the number of patients 


to the number of individuals in the general popula- 
tion having that attribute. This is illustrated in 
Table I (prepared from data published by Lowe, 
1956), which shows the approximate relative liability 
to tuberculosis in men over 30 years of age, according 
to the amount of tobacco smoked. Some of the 
numbers are, of course, rather small, and no account 


is taken of sampling errors, or of age trends in? 
smoking habits and tuberculosis morbidity. In” 
particular, because of the rarity of non-smoking,” 
the “standard” is based on the ratio of compara-_ 
tively small numbers (13 and 34). The exclusion” 
from the controls of known sufferers from the” 
disease considered will lead to a very slight exaggera- ~ 


tion of the relative liabilities. 


TABLE I 


APPROXIMATE RELATIVE LIABILITY TO TUBERCULOSIS 3 
NOTIFICATION ACCORDING TO THE AMOUNT SMOKED © 


(MALES BETWEEN 30 AND 69 YEARS) 





No. of 
Cigarettes 0 
Smoked 
per Day 


10-19 20-29 | 30-39 





Patients (p) 13 
Controls (¢g) | 34 


0-382 1-33 





Ratio p 


q 
Relative 
Liability* 1-00 ° 3-48 























* Ratios divided by 0-382 [13+ 34]. 


By somewhat more complicated methods (Appen- 
dix A), it is possible to minimize the errors due to 


sampling, and, incidentally, to reduce any bias due — 


to the non-smoking minority being atypical in 


other ways (e.g. by including a higher proportion of ~ 


non-drinkers or athletes), and these methods will be 
used throughout. When the relative liability of 
various classes of smoker has been estimated, the 
contribution of smoking to the total incidence of a 
disease, or to the resultant loss of life expectancy, 
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may be made by summing the products of the 
proportion of individuals in each smoking class by 
its relative liability as shown in Table II. 


Taste II 


RELATIVE LIABILITY OF MEN AGED 30 AND OVER TO 
TUBERCULOSIS 





In? 
smoking, 


40 and 


No. of 
Cigarettes 
Smoked 


Distribution of 


Relative Liability 
i Male — 


to Tuberculosis 




















This method of estimation assumes that the rela- 
tive liability of smokers according to intensity of 
smoking is independent of age. In tuberculosis 
there is direct evidence that relative liabilities are 
fairly constant above the age of 30. In cancer there 
is no direct evidence from Doll and Hill's age- 


CANCER 


matched controls, but results which follow their use 
of “Estimated Annual Mortality Rates from Lung 
Cancer per 1,000 men aged 45-74 years” are very 
consistent. The remarkable manner in which various 
cohorts differ in liability to lung cancer by a fairly 
constant ratio at all ages (Cutler and Loveland, 1954) 
also suggests that the assumption is valid. 


RESULTS 


I. CANCER OF THE LUNG 

The Intensity of the Response to Smoking.—Fig. 
1(a) shows the relative liability to cancer of the lung’ 
of various classes of male smoker, each class being 
specified by the median number of cigarettes con- 
sumed daily. The lines represent Doll and Hill’s 
data for squamous-cell and oat-cell carcinoma in men. 

Table III (overleaf) shows estimates of 8, a 
parameter (Appendix A) which defines the relative 
liability of various smokers to a given disease. It 
is so defined that a smoker of ¢ cigarettes daily has 
a relative liability of (1 + 1)? of developing a disease. 


TUBERCULOSIS 








2 
Mm 














eo 


i> 


oe SQUAMOUS CELL 





RELATIVE LIABILITY 
b 


~ 





nf 


wen 





a 


nN 


AGE 40-49 





ALINSVI 3ALLV13¥ 





vm 





OAT CELL 


ALIU@VIT 3ALLV 134 





P.. 
Pgs 


nN 


























Tr 





fe) 10 20 30 45 

CIGARETTES PER DAY 

Fic. 1 (@).—Graphical presentation of data of Doll and Hill 
(1952) on squamous-cell and oat-cell carcinoma in men. 


3 10 18 2 30 45 
CIGARETTES PER DAY 
Fic. 1 (6).—Data of Lowe on tuberculosis in men of various 
ages 


The area of the datum points is proportional to their weight. The vertical lines represent the standard error of their estimated position 
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(When 8 = 0 there is no association: 
values imply an increasing intensity of association). 
Adenocarcinoma shows no significant association 
with smoking, and, in men, differs significantly in 
intensity of relationship from the other two cancers. 
Squamous-cell and oat-cell carcinomata appear to 
differ considerably in intensity of response, although 


increasing 


in men this difference is not significant. In men, 
squamous-cell carcinoma is probably more closely 


























related to smoking than oat-cell carcinoma; in 
women, the reverse is true. 
Taste III 
ESTIMATES OF 8 
CANCER 
Type Men Women 
Oat-cell + 0-644 + 0-101 + O°S65 + 0-199+ 
Squamous-cell + 0-805 + 0-095 | (— 0-104 + 0-212) 
Oat-cell and 
Squamous-cell [+ 0-729 + 0-069] — 
Adenocarcinoma .. | + 0-124 + 0-265¢ | (+ 0-079 + 0-260) 
TUBERCULOSIS 
Age (yrs) Men Women 
20-24 0-050 + 0-117t ; : 
25-29 0-295 + 0-190 | f + 0°032 + 0-081 
30-39 + 0-327 + 0-119 + 0-070 + 0-159+ 
40-49 + 0-320 + 0-146 + 0-469 + 0-203+ 
50-59 + 0-342 + 0-188 | (+ 0-248 + 0-243) 
60-69 + 0°463 + 0-216 Data inadequate 
30-49 [+ 0-324 + 0-092} | [+ 0-222 + 0-125}¢ 
30-59 {+ 0-328 + 0-083) Data inadequate 











t+ Residual heterogeneity above expectation, but not significantly so. 
Standard error corrected by Finney’ s heterogeneity factors. 
[ ] Weighted means. () Indirect estimates; see Appendix B. 


The relative liabilities to “‘cancer excluding adeno- 
carcinoma” may be estimated, approximately, from 
the weighted mean of the estimates of f for 
squamous-cell and oat-cell carcinoma. This simpli- 
fication, if the difference is real, would involve 
confusion of arithmetic and geometric means, but 
would not lead to a bias exceeding 5 per cent. for 
the heavy smokers, or 2 per cent. for the overall 
effects of smoking. The line representing this mean, 
with its approximate 95 per cent. fiducial limits, is 
shown in Fig. 2 (opposite). In fact, the ratio of 
squamous-cell to oat-cell cancers in men is almost 
identical with the ratio of the numbers expected, if 
a population—in which the tumours were equally 
likely in non-smokers—had the smoking habits of 
the controls and the estimated relative liabilities 
referred to above. (If adenocarcinoma is not related 
to smoking, in the absence of smoking the estimated 
proportions of squamous-cell, oat-cell, and adeno- 
carcinoma would be 36, 37, and 27 per cent. 
respectively). 
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From Lowe’s recent data for the smoking habit; 








of controls, the effect of smoking on such a popula.” 
tion in relation to “cancer excluding adenocar.” 


cinoma” 


limits are 5-6 to 12-8). The inclusion of adeno.” 
carcinoma reduces this figure. Assuming, as the” 
data suggest, that adenocarcinoma is not related to” 


(Table IV) appears sufficient to account) 
for about an eightfold increase (95 per cent. fiducial” 


} 


smoking, and, in the absence of smoking, would be” 
responsible for about a quarter of cases of lung” 


cancer, the increase in “lung cancer” 


in men associ-” 


ated with smoking would be about sevenfold (4-77 
to 10-5). That is to say, smoking would be causally” 


related to about 84 per cent. (80 to 91 per cent.) off 
cases of lung cancer in men. 


TABLE IV 
RELATIVE LIABILITY OF MEN TO CARCINOMA OF 











LUNG (EXCLUDING ADENOCARCINOMA) 
No. of Relative Liability 
Cigarettes to Cancer of t 
Smoke Lung (excluding Distribution of 
per Day Adenocarcinoma) Male Controls (a) (>) 
(a) (b) 
0 1-00 8-1 8-1 
1-9 3-69 12-9 47-7 
10-19 7-56 35-6 269-0 
20-29 10-46 27:4 286-7 
30-39 13-37 9-3 124-4 
40+ 16-32 6-7 109-3 
100-0 845-2 














The distribution of men according to smoking habits is that of the ™ 


control series published by Lowe (1956). 


If the women are divided into smokers and non- 7 


smokers, the relative liability of smokers, as a class, © 
compared with non-smokers, to lung cancer (all § 


THES 


types) may be assessed by Woolf ’s method (Woolf, ~ 


1955) with Haldane’s continuity corrections © 
This gives a relative liability of 7 
2-03 (1-16 to 3-56). Since 48-6 per cent. of women 7 
smoke (Lowe’s data for women over 30), smoking © 
has apparently led to an increase in incidenceof only 
about 1-5 times (1-08 to 2-24), and is related to 7 
about 34 per cent. of cancers (7-3 to 55 per cent.). ~ 


(Haldane, 1956). 


If the liability to cancer of the lung were the same in 


men and women in the absence of smoking, smoking ~ 


would result in a morbidity sex ratio of about 
7—1-5 or nearly 5 to 1. 

The extreme difference in the proportions of f 
squamous-cell and oat-cell carcinoma in men and ~ 


women recorded by Doll and Hill (475 : 303 in men; 
18 : 38 in women) implies some constitutional differ- 


ence in response. Although the relative liability to 
oat-cell carcinoma, in relation to smoking, is com- 
parable in men and women (Table III), there are 
large differences in estimated relative liability in men 
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(a) Logarithmic 


EE=J CANCER (excluding 
adenocarcinoma) 


3 rusercurosis 


RELATIVE LIABILITY 






































(b) Linear 


CANCER (excluding 
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Fic. 2.—Estimates of relative liability of men smoking various numbers of cigarettes to cancer of the lung 
(excluding adenocarcinoma) and respiratory tuberculosis (men over 30). 


and women to squamous-cell carcinoma, and these 
differences are unlikely to be due to the sampling 
errors of small numbers. The smallness of these 
numbers is itself a most important datum (Appen- 
dix B). 

This relative immunity of women smokers to 
squamous-cell carcinoma appears to provide a 
sufficient explanation for most of the observed 
difference in mortality sex ratio (about 7 to 1). If 
women had the same liability to the various lung 


carcinomata, and smoking had the same effect on 
relative liability as in men, this would only lead to 
a morbidity sex ratio of about 2-5 to | (Fig. 3, over- 
leaf, and Appendix A). 

A sex difference in liability to cancer among 
persons of similar habits has many precedents. 
Gross sex differences in cancer rate are found in 
the brain, caecum, and rectum, while particularly 
large sex differences occur in the squamous car- 
cinomata of the lips, larynx, and oesophagus. 
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Fic. 3.—Relative liability of the present population (Lowe's 

control data for adults over 30), com with a non-smoking 

population, to diseases having a response to smoking defined 

by 6. The vertical distance between the lines.shows the expected 
morbidity sex ratio. 


Contribution of Smoking to Loss of Life Expec- 
tancy from Cancer of the Lung.—To apply to mor- 
tality data estimates based on morbidity it is 
necessary to assume that in diagnosed cases the 
proportion in which death is certified as due to a 
given cause is not negatively associated with the 
amount smoked (that is, roughly, it must be assumed 
that smoking, or having smoked, does not improve 
the prognosis); estimates of the contribution of 
smoking to loss of life will then be minimal estimates. 
The fact that more than one cause of death is related 
to smoking will also bias these estimates con- 
servatively. 

Table V (opposite) gives an estimate of the loss of 
life (man-years) in persons dying from three of the 
major respiratory diseases in England and Wales in 
1954. It was obtained by multiplying the number of 
deaths in each age group by the expectation of life of 
the general population at the corresponding age. An 
estimate is also given of the mean loss of life expec- 
tancy at death from each disease. 

In a previous section it was estimated that in 
cancer of the lung about 84 per cent. of cases in men 
and 34 per cent. in women were related to smoking. 
In 1954, smoker’s cancer was apparently responsible 
for the deaths of about 12,000 men and 770 women, 
or, in terms of loss of expected life, about 170,000 
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man-years and 13,000 woman-years (Fig. 4). 
During this period about 67 thousand million 
cigarettes were smoked by men and 19 thousand © 
million by women (Hulton Readership Survey, 1955), ~ 
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Fic. 4.—Loss of life (man-years per year) attributable to deaths, 
between the ages of 30 and 85, from the common respiratory 
diseases. Shaded areas represent the estimated proportions 
related to smoking, and the diamonds their 95 per cent. fiducial 
range. As the number of women over the age of 30 efceeds the 
number of men by about 15 per cent., because of their greater 
expectation of life which also averages about 15 per cent. greater, 
any disease with the same mortality rate in men and women 
would lead to a loss of life expectation for women about 30 per 
cent. greater than that for men. 


II. PULMONARY TUBERCULOSIS 


Intensity of the Response to Smoking.—Figs | and 
2 show the relative liability of various classes of 
smoker to pulmonary tuberculosis for men whose 
ages lie within certain decades. Table III shows 
estimates of 8, and its standard error, for various 
age groups of men and women. In some cases the 
data have been grouped because of small numbers. 

For men over 30 years of age, there is a very 
consistent trend of increasing liability with increas- 
ing smoking, the trend being almost linear on a log- 
log scale. The trend of relative liability is approxi- 
mately that of the cube root of the number of cigar- 
ettes smoked daily (it is about doubled at 8 and 
trebled at 27 cigarettes a day). The fact that the 
moderate smoker is almost as seriously affected as 
the heavy smoker suggests that such explanations 
as associated drinking or impaired appetite are 
relatively unimportant. 
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TABLE 
LOSS OF LIFE OF PERSONS AGED 30-85 FROM CERTAIN 


Vv 
RESPIRATORY DISEASES, ENGLAND AND WALES, 1954 





Expectation Cancer 


Tuberculosis Bronchitis 





Sex of Life 
(yrs) Loss of 


Man-years 


Loss of 
Man-years 


No. of 
Deaths 


Loss of 
Man-years 


No. of 
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All Ages 





Mean loss of life (yrs) 
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37,198 














* Mean loss of life (yrs) 

















* Mean loss of life expectancy at death (Koss oC man years 


The data also suggest that smoking is relatively 
harmless in young adults, and that after middle age 
its harmfulness tends to increase. Fig. 2 shows 
the relative liabilities of men over 30 years of age 
smoking various numbers of cigarettes daily. The 
estimate for men aged 60-69 has been excluded 
because it is based on small numbers, but it would 
have led to a slightly steeper line and curve in Fig. 2. 
The trivial association between tuberculosis and 
smoking in young adults appears to confirm Lowe’s 
hypothesis that smoking may have little influence on 
the acquiring of infection, but may encourage the 
breakdown of old infections. 

It may be added that, if smoking imposes relative 
liabilities to death from broken-down lesions similar 
to those it appears to impose on the breaking down 
of these lesions, and if smoking habits were unin- 
fluenced by the therapeutic regimen, then the relative 
liability to death would be far greater than relative 
liability to notification. If smoking continued to be 
harmful after notification, the data may have been 
considerably biassed by the deaths of heavy smokers 
who could not be interviewed, a bias leading to 
underestimation of the intensity of association of 
smoking and morbidity. 

From Lowe’s data for the smoking habits of 
controls, the effect of smoking on such a population 


(Table LI) appears to be sufficient to account for an 
increase in the notification rate of men aged over 
30 to about two and a half times (95 per cent. limits 
are 1-6 to 4-1), implying that the proportion of such 
cases related to smoking is about 60 per cent. (37 to 
76 per cent.). That is, at least one-third, and probably 
more than one-half, of notifications in men over 30 
years of age appear to be related to smoking. 

For women the estimates do not differ signifi- 
cantly from those for men, but suggest a less intense 
response. The estimate of 8 for women aged 30-49 
suggests a relative increase in incidence, due to smo- 
king, of about 1-33 (0-96 to 1-87), in which case 
smoking would be related to about 25 per cent. of 
all cases, or to about 50 per cent. of cases occurring 
in women smokers, This would lead to an influence 
of smoking on the morbidity sex ratio of about 
2:5+1-3 or 1-9. 


Contribution of Smoking to Loss of Life Expec- 
tancy from Pulmonary Tuberculosis—Through rapid 
advances in the therapy of tuberculosis, the cost of 
smoking in terms of loss of life from this disease is 
likely to diminish rapidly, although the proportion, 
of these deaths related to smoking will not neces- 
sarily change. There is no reason to expect much 
decrease in the number of men over 30 years of age 
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with dormant lesions in the near future, and it 
seems likely that smoking will continue to promote 
an appreciable risk of tuberculosis until a generation 
of adults emerges in whom previous infection is rare. 

Data from 1954 are presented in Table V and 
Fig. 4 for comparison with cancer and bronchitis. 
They refer only to the estimated loss of life of the 
smokers themselves, and not of those whose infec- 
tion is consequent on smoking in others. As they 
are based on the assumption that the prognosis at 
the time of notification is unrelated to smoking, 
they are probably underestimates. 


III. CHRONIC BRONCHITIS 


Although most clinicians would probably regard 
heavy smoking as likely to encourage any tendency 
to bronchitis, there are few observations from which 
a quantitative estimate may be made. Leese (1956b), 
who found evidence that smoking was a predisposing 
cause in N.W. London, has kindly allowed me to 
use his data, which have been published in slightly 
less detail. In view of the chronic nature of the 
disease, total cigarette consumption seems the most 
suitable measure of dose, and, in men, the log 
liability exhibits a fairly linear response (Table VI 
and Fig. 5, opposite). The data suggest that smoking 
may contribute substantially to the incidence of 
chronic bronchitis. For example, the consumption 


of one-quarter of a million cigarettes (20 a day for 
35 years) appears to result in a fourfold increase in 
the liability to enter hospital with an exacerbation of 
the disease. 

Among women, smokers appear to be about five 
times as liable as non-smokers to enter hospital with 


the disorder (limits 1-6 to 15-0). This estimate 
is based on Haldane’s modifications of Woolf ’s 
method. There were seventeen smokers and nine 
non-smokers among patients, and seven smokers 
and nineteen non-smokers among controls. 

The intensity of association of smoking and 
bronchitis suggests that the great majority of 
bronchitic exacerbations in this series were related 
to smoking. It must be remembered, however, 
that the data were derived from an industrial area 
in which the air was heavily polluted, and provides 
no evidence about the effect of smoking in the 
absence of air pollution. 

Although inferences based on morbidity data 
must be used with caution in relation to mortality, 
it seems likely that, at least in industrial areas, most 
deaths due to bronchitis are related to smoking, in that 
they would not be expected to occur in its absence. 
The contribution of bronchitis to loss of life in adults 
over age 30 is given (Table V, Fig. 4) but no attempt 
is made to estimate the contribution of smoking. 


DISCUSSION 


Evidence has been advanced that, in three of the’ 
major respiratory causes of death in Britain, most” 
cases in men over 30 years of age are related to 
smoking, in the sense that the estimated incidence, ” 
in the absence of smoking, would be less than half” 
the present incidence. The fact that in each disease 
other influences are involved has led to some mis- 
understanding of the possible effect of smoking, | 
and it may be worth while to consider briefly the 7 
interpretation of the evidence so far available. 

It is evident that separate observations on the 7 
incidence of a disease in rural and urban areas, and | 
in smokers and non-smokers, can provide only’ 
limited information about the relative importance 
of place of domicile and smoking habit. This is 
readily seen if the formal interpretation of data 
from such investigations is considered. Consider a 
population of A, B, C, and D persons, of whom a, 
b, c, and d have cancer of the lung, when the letters 
imply the following attributes: 


Smoker 


Non-smoker 


Rural A B 


Urban D 





A+C B+D 


b + 
One investigator might show that _— 


a+c c+d 
exceeded ATC and another that CTD exceeded 


AB The former would have demonstrated that 


lung-cancer was associated with smoking; the latter 
that it was associated with place of domicile. These 
fractions, based on row and column totals, give no 
information about the proportion of individuals 
affected within each cell of the Table. And without 
this information it is of course impossible to arrive 
at an opinion about the extent to which the greater 
incidence of the disease in smokers than in non- 
smokers is attributable (a) to a risk associated with 
smoking, (5) to a risk associated with urban life and 
a greater proportion of urban dwellers among 
smokers than among non-smokers, or (c) to a risk 
experienced only by smokers living in urban areas. 

In the case of cancer of the lung, it seems quite 
certain that there is a risk associated with smoking 
which is independent of place of domicile. Perhaps 
the most direct evidence of this is the marked 
increase in the incidence of the disease in rural areas 
with increasing amounts smoked (Stocks and 


a - 





ree Of the | 


tain, most 
related to 
incidence, 
than half 


ch disease | 


some mis- 
smoking, 

briefly the 

lable. 


‘onsider a 
y whom a, 
the letters 


B+D 
exceeded 


rated that 


the latter 
le. These 
$, give no 
dividuals 
d without 
to arrive 
le greater 
| in non- 
ated with 
n life and 
$5 among 
to a risk 
an areas. 
ms quite 
smoking 
Perhaps 

marked 
iral areas 
cks and 


CIGARETTE SMOKING AND RESPIRATORY DISEASE 


TaBLe VI 


SMOKING HISTORY OF MALE PATIENTS ADMITTED TO THE CENTRAL MIDDLESEX HOSPITAL WITH 
EXACERBATIONS OF CHRONIC BRONCHITIS AND OF AGE-MATCHED CONTROLS* 





Estimated Total Cigarette Consumption 





Series 
100,000— 
150,000 


150,000— 200,000— 
200,000 300,000 





Patients 12 


19 21 14 74 





Controls 18 














Tr 16 ‘ 5 74 











* Dr. W. L. B. Leese’s data on the smoking histories in total cigarette consumption (1 oz. tobacco was regarded as equivalent to thirty 


cigarettes). 
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Fic. 5.—Relative liability of various smokers to exacerbations of chronic bronchitis. The area of the datum points is proportional to their 


weight. The vertical lines represent the standard error of their estimated position. The central line is the line of best fit, and the outer 
lines represent a 95 per cent. fiducial range in relative liabilities. 


Campbell, 1955) and the secular rise in rural Norway 
(Kreyberg, 1956). But the same conclusion is also 
supported by the observations of Doll and Hill (1952) 
and others. For there is no doubt that the liability 
to cancer of the lung is very much greater in smokers 
as compared with non-smokers than in urban as 


compared with rural dwellers. In these circumstances 
the association between the disease and smoking 
could not be attributable wholly to an association 
between the disease and place of domicile, even if 
all smokers lived in urban areas and all non-smokers 
lived in the country. 





18 J. H. EDWARDS 


It is also probable that there is a risk of cancer of 
the lung associated with urban life, which is inde- 
pendent of smoking, since Stocks and Campbell 
(1955) showed that the incidence of the disease is 
higher in non-smokers living in towns than in non- 
smokers living in the country. Kreyberg (1956) has 
suggested that this is an unlikely possibility, in view 
of the marked increase in the incidence of cancer of 
the lung in Oslo where the degree of air pollution 
was relatively low. But the incidence of the disease 
in Oslo is still very much below the incidence in 
England and Wales, and it can scarcely be concluded 
that it would not have been much higher in the 
presence of marked air-pollution (if we accept this 
as the most probable explanation of the risk asso- 
ciated with urban life). Moreover the data provided 
by Kreyberg indicate that, although considerably 
lower than that in an English town, the degree of 
air-pollution in Oslo was by no means negligible. 
It is not doubted, of course, that the sharp rise in 
the incidence of cancer of the lung in Oslo is attribu- 
table almost wholly to smoking; all that is in question 
is whether this evidence permits us to dismiss the 
possibility of an independent association with urban 
life. 

The third possibility which we must consider is 
that part of the observed risk of cancer of the lung 
is experienced only by smokers living in towns, that 
is that there is some interaction or synergism between 
the two influences, such that the elimination of 
either would be sufficient to remove the effect. 
There is so far no direct evidence on this point. But 
the fact that the incidence of cancer of the lung is 
very much higher in England than in New Zealand, 
although the average cigarette consumption per 
head of the population is higher in New Zealand 
(Eastcott, 1956), suggests that the risk to which a 
smoker is exposed in an urban area is considerably 
greater than would be expected if the risks associated 
with smoking and urban life were whollyindependent. 
For it has been shown above that in England at 
least 80 per cent. of the incidence of cancer of the 
lung in men is associated with smoking. The fact 
that the incidence is about 50 per cent. lower in New 
Zealand, where rather more tobacco is smoked, 
strongly suggests that a substantial part of the risk 
associated with smoking in England is determined 
by the coincident influences of smoking and urban 
life. If this interpretation is correct, the elimination 
either of smoking or of the effects of urban life 
could lead to a major reduction in mortality, and 
it is unfortunate that the association of one should 
have been used to discredit the value of prophylaxis 
in the other. 

In chronic bronchitis the extreme social, geo- 


graphical and occupational variations in incidence 
appear to have led to a belief that smoking cannot 
be a major factor, since smoking shows only slight 
social, geographical, and occupational variations, 
This reasoning is invalid. Smoking may be a neces- 
sary factor in most cases, in the sense that in its 
absence they would not have developed, even if 
some other factor or factors, such as atmospheric 
pollution, dust, overcrowding, exposure, or under- 7 
nourishment, were essential to this development in 
most cases. The evidence, now widely accepted, 
that most cases of chronic bronchitis are related to 
exposure to combustion products, or to particulate 
matter from industrial processes, is most readily 
compatible with the evidence advanced here on 
Leese’s data, if there is interaction between these 
effects. 


THE THRESHOLD OF Excess IN SMOKING 


The degree to which the liability to cancer and 
tuberculosis of the lung is dependent on the amount 
smoked is of extreme practical importance: the 
“common sense”’ view of many smokers, clinicians, 
and tobacco companies is that moderation is fairly 
innocuous, and that it is only the heavy smoker 
who is exposing himself to an appreciable risk. 
There is good evidence that this type of response is 
true of alcohol, but the analogy is false. In drinking 
the pleasure and the damage are due to the same 
substance, and irreversible damage rarely follows 
except after repeated exposures to concentrations 
in excess of those usually demanded for pleasure. 
In tobacco smoke, on the other hand, the constitu- 
ents responsible for pleasure are probably different 
from those responsible for damage, and there is no 
a priori reason why amounts of tobacco usually 
regarded as insufficient to confer pleasure should be 
inadequate to cause disease. Nor is there any reason 
to suppose that by some coincidence the factors 
conferring pleasure and disease should be so pro- 
portioned that moderation in indulgence should give 
freedom from illness. 

If each cigarette were equally harmful, whatever 
the amount smoked, then the relation between 
relative liability and dose would be represented by | 
straight lines. The fact that they are not (Fig. 25) | 
and that their convexities are upward, implies that 
the damage done per cigarette per day in terms of 
the increased liability to cancer and tuberculosis, is 
at a maximum in the light smoker, and steadily 
decreases with increasing amounts smoked. The 
limited evidence available for bronchitis (Fig. 5) is 
suggestive of a disproportionate risk to the heavy 
smoker, the damage per cigarette appearing to 
increase with the amount smoked, 
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These considerations suggest that the incidence of 
cancer, and particularly of tuberculosis, would be 
lower if half of all smokers stopped smoking than 
if all smokers halved their smoking. For any given 
rate of national consumption, the damage within 
any age group would be at a maximum if distribu- 
tion were even. If sales were maintained at a fixed 
level or rate of increase by advertising, the dis- 
couragement of heavy smoking would increase the 
incidence of these diseases. Their incidence might 
well be greater in a society which discourages heavy 
smoking but maintains its revenue by advertising, 
than in one which sanctions unlimited smoking but 
prohibits advertisement. 


SUMMARY 


The morbidity response to cigarettes, in the form 
of oat-cell and squamous-cell carcinoma and res- 
piratory tuberculosis, can be closely approximated 
by a linear regression of log-liability against log- 
dose, a type of response common in other forms of 
bio-assay. 

In cancer of the lung, smoking appears to be 
related to over three-quarters of cases in men, and 
to about one-third in women. The different forms 
of cancer show a different relative increase in pre- 
disposition, and the differences are not consistent 
in men and women. The combination of these 
differences with the sex-differences in smoking habit 
appears almost sufficient to explain the sex-ratio in 
mortality rate. 

In tuberculosis, smoking appears to be related to 
over one-half of cases in men over 30 years of age 


and to about one-quarter in women, and, as in the 
case of cancer, there is evidence that smoking 
increases the liability to tuberculosis in men more 
than in women smoking the same amount. This 
difference in response, combined with difference in 
habit, would lead to a sex ratio in morbidity of 
almost 2 to 1. 

In relation to chronic bronchitis the data are less 
extensive, but they suggest that most cases would 
not occur in the absence of smoking. 

The relationship of degree of smoking to liability 
to both cancer and tuberculosis is such that the harm 
done per cigarette per day decreases with increasing 
amounts smoked. There is no threshold. Warnings 
directed exclusively against heavy smoking may have 
paradoxical consequences. 

The curtailment of life due to the common res- 
piratory diseases in men in England and Wales, is 
over 1,200 man-years daily. Probably well over one- 
half of this loss of life is related to smoking. 
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APPENDIX A 


The inexactness and bias imposed by sampling 
may be estimated and allowed for by considering 
the natural logarithm of a ratio, rather than the 
ratio itself, and weighting this datum by the inverse 
of its sampling variance. These data may then be 
handled by simple regression analysis, and, if neces- 
sary, the significance of any trend may be tested by 
partitioning variance. A discussion of allied prob- 
lems has been presented by Finney (1952, and else- 
where). Haldane (1956) has shown that an almost 
least biassed efficient estimator of this natural 


logarithm of a proportion from a sample consisting 
of two numbers, say p and g, is given by: 

loge ma 

i” 


with sampling sii 
1 


p+il q+V 
and that its sampling distribution is almost normal, 
This transformation is similar to the well-known 
logit transformation. Continuity corrections have 





20 J. H. EDWARDS 


been used throughout: although not explicitly 
recommended by Haldane for m x 2 Tables where 
n exceeds 2, any bias they may impose by over- 
correction is conservative, leading to under-estima- 
tion of 8 (as is obvious if the influence of indefinitely 
increasing the number of class frequencies is con- 
sidered). The corrections also overcome the intui- 
tively unreasonable shortcoming of simple logits in 


which the upper fiducial limit of 2 always exceeds f 


where gq and p are any integers. 

Fig. | shows a simple visual presentation of some 
data from Doll and Hill, and from Lowe. It may be 
noted that, if a horizontal line is moved up and down 
through a set of datum points, and the sum of the 
squares of the ratio of the vertical distance between 
the line and the point, to the standard error of that 
point, is estimated, then the minimum value will 
approximate to the simple 7* estimation for ann « 2 
Table, one degree of freedom being lost in defining 
the position. If both the position and the slope are 
adjusted to minimize this sum of squares, as by 
simple regression, an efficient estimate of trend is 
achieved. 

The use of 7? has the shortcomings that it is 
insensitive to the order of these points, and that, for 
any given intensity of association, its value is pro- 
portional to the size of the sample. This leads to the 
paradox that, if statistical significance is regarded as 
of importance, the seriousness of the implications 
of any set of data judged significant varies inversely 
with its size. 

The trend in Fig. | is so marked and consistent 
that computations are almost superfluous; in 
Table III the slope of the regression line is given as 
estimates of the parameter 8. 

This parameter is so defined that, if ¢ cigarettes 
are smoked daily, the relative liability of various 
smokers is (1 + #)®. Where smokers are graded by 
classes, the median* is taken as f. The regression 
analysis is then of the form of 


t 


loge = 
Qa: 
where P; and Q; represent the number of patients 
and controls smoking f cigarettes daily, 


4 


and log. a are estimates, based on samples p; 
t 


a + Blog(I + 4), 


and q, of loge a. these estimates being weighted. 


For the non-smoker (t = 0), (1 + #)* will always 
be unity. 





* When the median was not unique, the median nearer the mean 
was taken. 45 was taken as the median for 40+, 35 for 25+, and for 
women 25 for 20+. 


The parameter 8 has the simple features that 
positive values imply a positive association, zero 
values no association, and negative values a negative 
association (in this case, a protective influence of 
smoking). Values between 0 and | (in the absence 
of appreciable residual heterogeneity) imply that the 
damage per cigarette decreases with increasing 
amounts smoked. The estimator is independent of 
the incidence of the underlying disease: the fact 
that many smokers cannot develop tuberculosis, 
due to not having been infected, in no way impairs 
its validity. 

Table VII shows values of (1 + #)’ for various 
values of tf and 8. For example, where 8 = 0-6, a 
smoker of twenty cigarettes daily has a relative 
liability, compared with a non-smoker, of 6:21; 
and, compared with a smoker of ten cigarettes 
daily, of 6-21 =+4-21 or 1-5. 


TasLe VII (APPENDIX A) 


VALUES OF (1 + of FOR VARIOUS VALUES OF ¢ AND 3 
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Fig. 3 shows the relative liability of populations 
of men and women over 30 years of age with the 
smoking habits of Lowe’s controls, compared with 
a non-smoking population. The gap between the 
lines is proportional to the logarithm of the sex 
ratio which would follow from any equal response, 
defined by §, in the two sexes. 

These population relative liabilities are simply the 
sum of the products of the proportion of the popu- 
lation in each smoking class and the relative liability 
of that class. The proportion of cases related to 
smoking can be estimated from this figure. 

If Go, 91, - - - Qn are the proportions of the popula- 
tion in smoking classes 0, 1,... mn, andj, 4, .. . dn 
are their relative liabilities to disease (/, being 
defined as unity), then the population liability will 
be dolo + Gili, + . ~~ Gnln and the proportion of 
cases causally related to smoking (in the sense that 
they would not be expected to have this disease if 
they had not smoked) will be: 


olo + ih +... Gnln) — (Go + 
Golo +h +... Qnln). 


«+ Qn) 
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The relative proportions of various types of cancer 
in the absence of smoking may be estimated directly. 
The effect of dilution of data by a type of cancer 
not related to smoking is easily estimated. Where r 
is the increase in liability due to smoking of one 
type of cancer, and s is the estimated proportion 
of a second type of cancer in the absence of smoking, 
then the overall increase is 


r+s 
l+s 


Lowe’s data on controls have been assumed to be 
exactly representative of the country as a whole. 
This simplifying assumption is unlikely to have led 
to any appreciable bias, apart from slight over- 
estimation of the precision of estimates. 

Woolf ’s method of analysis has frequently been 
used. Ina 2 x 2 Table, interaction of the characters 
considered may most simply be expressed by the 
ratio of the cross products. If, for example, patients 
with some disease were divided into p, non-smokers 
and p; smokers, and the controls into g. non-smokers 


and gq; smokers, then the most meaningful expres- 
sion of interaction would be: 


41/90" UPo 


which would define the relative liability of smokers 
compared to non-smokers to the disease. 

Woolf (1955) pointed out that the natural loga- 
rithm of this product is an efficient estimator and 
has a sampling variance of: 

1 I l 


Po Pt G 


Haldane (1956) showed that an almost least 
biassed estimator of the logarithm of this cross ratio, 
and its sampling variance, is provided by: 
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APPENDIX B 


The following appears to be an approximate, yet 
fairly rigorous, solution to the problem of whether 
men and women could reasonably be considered to 
be exposed to the same relative liabilities, in relation 
to smoking, of acquiring squamous-cell carcinoma. 

There were eleven non-smokers out of eighteen 
women with squamous-cell cancer, and 59 non- 
smokers out of 108 controls. The estimate of the 
natural logarithm of the relative liability of 
“smokers” to squamous-cell cancer is therefore: 


- 7:5 8) = i r r) 
& 149-5 11-5] = 8*R* 30 OO! 


or — 0-244 + 0-495. 





The relationship between this log-liability of 
smokers as a class is approximately linearly related 
to values of 8. For women whose smoking habits 
were those of Lowe’s control series, the relationship 
is approximately : 

B = 0-428 
For women with squamous-cell carcinoma, this 
indirect estimate of 8 is —0-104 + 0-212. For men, 
the direct estimate is + 0-805 + 0-095. As the 
difference is almost four times its standard error, 
there seems no reasonable chance that it is due to a 
sampling effect in the presence of an_ identical 
dose-response. 


< log-liability of smokers. 
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A SURVEY OF HANDICAPPED PERSONS 


BY 
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From the Department of Human Ecology, University of Cambridge 
AND 
GEORGE NISBET 
County Medical Officer, Soke of Peterborough 


Surveys in the medico-social field can be both 
costly and time-consuming. The purpose of this 
paper is to show that useful data can be collected by 
people engaged on their normal work, and without 
the aid of large ad hoc grants. 

Section 29 (1) of the National Assistance Act, 
1948, states: 


A local authority shall have power to make arrange- 
ments for promoting the welfare of persons to whom 
this section applies, that is to say, persons who are 
blind, deaf, or dumb, and other persons who are 
substantially and permanently handicapped by illness, 
injury, or congenital deformity, or such other dis- 
abilities as may be prescribed by the Minister. 

A local authority wished to ascertain the number 
of people for whom provision should be made. It 
was suggested that a pilot survey of the area be 
undertaken, and this is now described. 

The area to be surveyed consisted of a city which 
is a railway and industrial centre of growing im- 
portance, and the remainder of the administrative 
county, which is largely agricultural. The estimated 
mid-1953 population for the city was 53,670, and for 
the rural districts 10,350, giving a total of 64,020. 


METHOD 


In view of what was already known of the number 
of handicapped persons, it was decided that the 
survey should cover about 10 per cent. of the houses 
in the county, and that the houses to be visited 
should be selected by drawing squares on a large 
map (scale 1 in 5,000) covering the city and on a 
smaller map (scale 1 inch to 1 mile) covering the 
remainder of the county. The squares on the large 
map measured one inch by one inch, representing an 
area of approximately 4 acres on the ground. On 
the county map the national grid squares were used, 


which represent areas of 247 acres, nearly 62 times 
larger. In all, the sample consisted of 304 squares on 
the large map and 21 on the smaller map. 

The procedure for selecting the squares to be 
visited was as follows. Both maps were covered by a 
complete grid of lines, and this grid was divided into 
groups of ten squares in an arbitrary manner, but so 
that neighbouring groups appeared to contain 
roughly the same number of houses. From each 
parcel of ten squares one was drawn at random, 
using random sampling numbers. The 325 squares 
so chosen to be visited were coloured in, and the 
maps were brought up to date by marking in new 
houses on the coloured squares. Some houses over- 
lapped the edges of the coloured squares, but ins- 
tructions were given when these were to be included 
and when not. The field workers, who were drawn 
from the County Medical Officer’s staff, called at the 
houses in the selected squares. If there was no reply 
at the first call the house was repeatedly revisited, 
until finally an answer was obtained from every 
house. 

A questionnaire was prepared for use by the field 
workers. It was felt that in a pilot survey such as 
this it should be quite simple, as the purpose of the 
investigation was to determine the approximate 
number of handicapped persons. It was therefore 
reduced to the form of asking if there was a handi- 
capped person in the house, and if the answer was in 
the affirmative, the sex, age, and type of disability. 


The Sampling Unit.—The maps showed that many 
of the coloured squares contained no houses. Those 
squares were not visited. Thus the sampling unit 
consisted of squares where, from the map, it ap- 
peared that there was one house or more. By the 
nature of the sampling these units formed an 
approximately | in 10 sample of all squares on which 
there were houses in the county. 
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It is useful to know the distribution of the squares 
according to the number of houses in the square 
(Fig. 1). As the number of houses in the squares 
sampled was not ascertained at the time of visiting, 
it was decided to count the number of houses per 
sampling unit from the map, including those houses 
which had been added when the map was brought 
up to date. It was found that this could be done on 
the map covering the city, but was not practicable on 
the map of smaller scale covering the remainder of 
the county. The counting was done by two observers 
working independently. Where there was disagree- 
ment in the count a final count was made by a third 
observer. Of the total of 93 squares on the large 
scale map on which one or more houses were 
counted, fourteen had one house on them and only 
two had between seventy and eighty houses. The 
distribution of houses per square shows that the 
number in the survey might be considerably affected 
by whether or not a particular square was included. 
Thus, if by chance the two squares with more than 
seventy houses on them had been omitted the total 


15, 


35 
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number of houses would have fallen by at least 
8 per cent. 

The number of handicapped persons found 
obviously depends on the number of houses in- 
cluded in the sample. Thus the accuracy of our 
estimate of the total number of disabled persons 
depends on whether we did, in fact, sample exactly 
10 per cent. of the houses. Fortunately, the number 
of households in the city was known to one of us 
(G. N.) and by assuming that there are seldom more 
than two households sharing one dwelling we can 
estimate the total number of houses from the census 
figures (General Register Office, 1952). This would 
appear to be 16,130. We estimate that, in fact, 
1,786 houses were visited, which suggests that about 
170 houses too many were included in the sample 
covering the city. 


Choice of Weight of Function —To obtain the most 
efficient estimate of the number of handicapped persons 
it is necessary to study the way in which the variance of the 
number of handicapped persons per square changes with 
the number of houses per square. A simple assumption 


Fic. 1—Daistribution of squares in the survey according to the 
number of houses in each square, sampled from the city map. 
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would be that the variance is directly proportional to n, 
the number of houses, although this ignores the effects of 
such obvious factors as social class, and that some causes 
of handicap are infectious, e.g. those due to tuberculosis. 

Grouping the squares by m, we may make a rough 
estimate of the relationship of the variance to n. We find 
that for the range of n in the city the assumption that the 
variance is directly proportional to n will not be far 
wrong, although the variance increases more nearly in 
proportion to m raised to the power of 1-3. 


RESULTS 


Estimation of the Number of Handicapped Persons in 
the City—Cochran (1953) proves that where: 
(i) no house on the square implies no handicapped 
person; 

(ii) the variance may be taken to increase propor- 
tionally to the number of houses; 

(iii) the relationship between the number of handi- 
capped persons found and the number of houses 
per square may not be quite linear; 

(iv) we know approximately the total number of houses 
in the city; 

then the most efficient estimate of the number of 
handicapped persons is given by what is known as 
the “ratio estimate”’. 

As a result of counting the houses, we are able to 
assess the proportion of handicapped persons to the 
number of houses. The survey shows that in the city 
we may estimate that on the average there are eight 
handicapped persons to every 100 houses. Further 
we can say that, were this inquiry extended to cover 
the whole of the city, the average number of handi- 
capped persons in a hundred houses would almost 
certainly be between six and ten. From this, and 
from the total number of houses in the city, we 
estimate the number of people who would have been 
found had the whole population been surveyed in a 
similar way. Thus the ratio estimate is that 1,310 
handicapped persons would probably have been 
found in the city, and almost certainly more than 
1,000 and less than 1,620. 

It will be noticed that, in spite of a fairly intensive 
survey, we can only predict to within 620 persons, 
i.e. nearly half the total expected, the numbers that 
might have been found had we covered the whole 
city. This is because of the great variability in the 
number of handicapped people found in squares 
where there are large numbers of houses. Fig. 2 
(opposite), which illustrates this, plots the number of 
handicapped persons against the number of houses 
for each square. The estimated ratio of handicapped 
persons to the number of houses, and confidence 
limits for this ratio, are also shown. In Fig. 2 we 
notice that, of squares with over forty houses on 
them, i.e. the area covered by house and garden of 


anything less than 60 ft. by 60 ft., the number o/ 
handicapped persons may vary between eleven and 
one. The four most outstanding points on the 
diagram have been lettered. “a” and “b” ar 
squares covering what appear to be new council 
estates in which there is only one handicapped 
person to between 70 and 80 houses; “‘c”’ is a square 
of over forty houses, of which one contains five 
cases of tuberculosis; “‘d” is a square of over forty 
houses in the older part of the town, in which each 
of the handicapped persons lives in a different house. 

It is interesting to compare the results of the ratio 
estimate with a less efficient estimate of the number 
of handicapped persons. Had we not counted the 
houses on the squares that were visited, our estimate 
would have been somewhat larger, because we would 
not suspect that more than 10 per cent. of houses 
had been visited. The most probable estimate would 
be 1,450, and the true value thought to be almost 
certainly greater than 1,025 and less than 1,875. 
Thus, by counting the houses, we have found it 
necessary to reduce the estimate of the total number 
of handicapped persons that would have come to 
light were the whole town covered in like manner, 
but we are also able to reduce the degree of un- 
certainty by 27 per cent. of what it would otherwise 
have been. 

Possible Bias of the Ratio Estimate.—There are, 
however, two possible sources of bias in counting 
the number of houses on the map. The first is 
discrepancy in the counting. The first two observers 
differed in their total count, apart from gross mis- 
takes, by 58 houses (S.E. + 52-08). The method 
adopted for obtaining a final count tended to inflate 
the total number. There is also some uncertainty 
about the total number of houses that we estimate 
as existing in the city. Thus, we may not be entirely 
correct in scaling down our estimate as we have done. 

The other possible source of bias comes from the 
fact that, in spite of the care with which the instruc- 
tions were drawn up and carried out, the number of 
houses actually visited probably differs from the 
count made from the map. A more satisfactory 
procedure would be to record the number of houses 
visited, or, better still, the number of households, 
which would immediately eliminate both these 
points of uncertainty. 

These sources of bias are additional to those due 
to the method of questioning. The questions asked 
were necessarily brief and were not designed to 
elicit information that people might be unwilling to 
give. This could cause considerable underenumera- 
tion of all causes of handicap. The results of such a 
survey must always be interpreted within the frame- 
work of the questions used. 
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Fic. 2.—Relationship of number of handicapped persons to number of houses in the city of Peterborough. Dots show relationship for each square 


in the survey. The estimated ratio of handica: 


A further difficulty arises from the fact that 
different workers may have put different interpreta- 
tions on the answers. The survey was not designed 
to give information on this point. A study of such 
data as were available was made, but the differences 
found seemed more likely to be related to the social 
class of the areas visited, similar to those found by 
Hobson and Pemberton (1956), than to be caused by 
serious differences between the observers. 


Results for the Whole County.—Having examined 
the findings for the city in some detail, we turn to 
those relating to the remainder of the county. It was 
not found possible to enumerate the number of 
houses that should have been visited, by reason of 
the smallness of the scale of the map. This informa- 
tion would have been valuable, as the variations in 
the number of handicapped persons found in 
different squares leads to some uncertainty as to the 
total number. 

When we put the estimates for the city and the 
remainder of the county together, using Sukhatme’s 
“d” (Fisher and Yates, 1953) to set our confidence 
interval, we estimate that the total number of 
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persons to houses, and the 95 per cent. confidence interval for this ratio are also shown. 


handicapped persons that such an inquiry might 
bring to light, if it covered the whole county, would 
most probably be approximately 1,550, and almost 
certainly between 1,140 and 1,960. 

Relation of Handicap to Age.—One of the most 
striking features of the survey is the increase in the 
number of handicapped persons that is found in the 
older age groups. Fig. 3 (overleaf) shows the preva- 
lence of handicapped persons by age. This is 
obtained by multiplying the number of handicapped 
persons in each age group by 10 (the sample was 
1 in 10) and expressing this as a percentage of persons 
in the corresponding age group of the population as 
estimated in the 1951 census (General Register 
Office, 1952). 

It is interesting to note that there is a decrease in 
the prevalence of handicapped males over 65, but a 
further increase in that of females over 65. This is 
probably due to the greater longevity of females. 


Causes of Handicap.——A modified form of a 
classification used by the. Ministry of Health 
(Ministry of Health, 1953) as a short list of causes 
of incapacity has been used, as this provided a 
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Fic. 3.—Percentage of handicapped persons by age. 


natural grouping for the replies. The results are 


shown in Table I. 














TABLE I 
CAUSE OF DISABILITY 
Diagnosis Total 

Pulmonary Tuberculosis nf kee 14 
Psychoneurosis and Mental Disorders = Ks 10 
Eye Affections .. : : ‘ 21 
Ear Affections ; ; ae : ws 13 
Rheumatism. ey - ws i oe 29 
Heart and Arteries . nen on as ” 30 
Other Respiratory Disorders .. oa oH 5 
Ulcer of Stomach or Duodenum 1 
Other Digestive Disorders ‘ 4 
Paralysis 20 
Carcinoma 6 
Diabetes . . 7 
Epilepsy .. ro ae a ; aa _ 4 
Senility .. “ ies soa ue Ps an 10 
Injuries .. : a ne = Me Pe 16 
Other... s xd en om as mee 10 

Total Entries* .. . aa de ile 200 

Total Persons .. ‘is i “ i 179 








* When one person was recorded as suffering from more than one 
cause of handicap an entry has been made for each disability. 


In the event of more than one cause of handicap 
being returned, the cause is listed under both head- 
ings. The age/sex analysis of these results is shown 
in Table II (opposite), where we have grouped 
the subjects into those of under 45 years and those of 
45 years and over, 45 being the age at which the 
prevalence of handicap begins to increase. In brief, 
Table II shows that in younger females “mental 
disorder” is the most important cause, followed by 
tuberculosis, while in older females the chief causes 
of handicap are rheumatism and heart disease, 
followed by blindness, deafness, paralysis and 
senility. In younger males tuberculosis, paralysis, 
and injuries are the biggest single causes of handicap, 
while in older males the causes would appear to be 
heart disease, followed by rheumatism, blindness, 
and injuries. Further breakdown by age or parti- 
cular disease is possible, but the numbers become too 
small to be meaningful. 





COMPARISON OF SURVEY FINDINGS WITH EXISTING 


Lists OF HANDICAPPED PERSONS 


(a) Deaf and Dumb.—No deaf and dumb persons 


were found in the survey, which is not sur- 
prising in view of the fact that only 19 cases 
are known in the area. 


ate total and partial blindness, but it seems that 


(b) Blind.—21 cases of total or partial blindess 
were found. It is not always easy to differenti- | 


nine of these might be classified as totally ” 


blind and twelve as partially blind. 


It is 9 


possible that the definition of totally blind was | 


too strict, for there are somewhat too few in 


this category. The age distribution is similar ; 
to that of the persons on the blind register; 7 
we should have expected about fourteen in a 7 


1 in 10 sample, but the deficiency is not 


statistically significant. The age distribution of 3 


those recorded as partially blind is interesting, 


in that seven of the twelve are under 65. There ~ 
are only eight partially blind persons under 70 © 


See Oa 


registered in the area, and it is most unlikely | 
that seven of them came to be included in the | 


survey. This suggests that the present records 
of partially blind persons under 65 are 
deficient. 


deficiency were reported. It is understood that 
no case was found that was not already under 
supervision. The number again is somewhat 


(c) Mentally Defective-——Five cases of mental 


smaller than would be expected in view of the | 


79 cases already known to be living at home in 
the area. 


(d) Tuberculous.—Fourteen cases of pulmonary 


tuberculosis were recorded in the survey, 
which is again less than would be expected, 
judging by the numbers of notified cases on the 
register. Some caution must be used before 
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TABLE Il 


CAUSES OF HANDICAP, BY AGE AND SEX 
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* When one person was recorded as suffering from more than one cause of handicap an entry has been made for each disability. 


concluding that the number found is signifi- 
cantly less than would be expected in a | in 10 
sample survey. As tuberculosis is an infectious 
disease, it may mean that the cases are not 
randomly distributed, as was found in the 
survey. But if one supposed that 50 per cent. 
of all the 334 notified cases were living in 
separate houses, we would certainly expect to 
find more than seven such cases in the sample, 
though some of the notified cases may be in 
hospital, or may be quiescent cases whose 
names remain on the register although they 
are, in fact, doing a normal day’s work. 


DISCUSSION 


The sampling technique used has been described 
in some detail, but in retrospect we do not regard it 
as the simplest of methods. The maps take some 
time to prepare, and to interpret them in terms of 
written instructions for the survey workers is both 
difficult and time-consuming. If lists of people or 
property are available it seems better to use these. 
Such lists have been used and the methods described 
by a number of other workers (Hobson and Pem- 
berton, 1955; Higgins, 1956; Simonds and Stewart, 
1954). If such lists are not available maps can be 
used, but it would probably simplify the work to 
modify the boundaries of the grid squares that are 
included in the sample so that they conform with 
natural boundaries, as described by Chevry (1946). 
More elaborate methods of using maps are described 
by Deming (1950). 


The essential feature of this survey is that the 
results are based on inquiries at houses selected at 
random in the area surveyed. This enables us to 
predict the total number of cases that would have 
come to light, and also to set limits within which the 
true value would almost certainly lie. It might be 
complained that these limits are wide, but this is one 
of the valuable aspects of a random sample survey, 
that we know how much importance we can attach to 
our results, and when more work needs to be done. 

It is not intended that a pessimistic view be taken 
of this survey. The information required for pre- 
liminary planning of welfare services was, we think, 
obtained with sufficient accuracy. This information 
was moreover obtained by workers employed by the 
local authority with no aid from a research founda- 
tion. It is our belief that similar useful and much 
needed information can often be obtained by small 
groups of people working together at little or no 
expense. 


SUMMARY 


A survey designed to ascertain the number of 
handicapped persons living in the area of a local 
authority is described. 

The field workers were local authority officers 
untrained in survey work. 

The results of the survey showed that approxi- 
mately 2-4 per cent. of the total population of the 
county suffered from some form of handicap. A 
notable feature is the increase in the number of 
handicapped persons in the older age groups. 
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RETINOBLASTOMA 
OCCURRENCE OF THE CONDITION IN NORTHERN IRELAND, 
1938-1956 


BY 


A. C. STEVENSON anp V. A. F. MARTIN 


Department of Social and Preventive Medicine, Queen's University, Belfast, 
and Benn Hospital, Belfast. 


The current genetical hypothesis regarding retino- 
blastoma is that it is determined by a single dominant 
gene which is not always manifested, so that the 
condition frequently misses a generation or first 
appears in a sibship with several affected members. 
The condition is rare and consanguinity is seldom 
reported either in the unaffected parents of 


“‘sporadic”’ cases or in sibships having more than 
one affected member. The irregular dominant gene 
hypothesis appears adequate without having to 
postulate also a recessive gene or other mechanism. 

The condition arises in the first few years of life 
and determines a high mortality even if it is modified 
by prompt enucleation of affected eyes. Further, 


survivors are either totally blind or have only one 
eye, and for social reasons they probably have a low 
fertility. As would be expected, therefore, a high 
proportion of all cases seen are sporadic, that is 
single cases and the first known cases in the family. 
This paper is concerned with the known cases which 
have occurred in Northern Ireland from January 1, 
1938, to December 31, 1956. 


MATERIAL AND METHODS 


It was decided to attempt to make a “complete 
ascertainment” of cases which had occurred in 
Northern Ireland since January 1, 1938. The 
arbitrary starting point was chosen as it was con- 
sidered that families which had had affected members 
arising before that time would be increasingly 
difficult to trace. All pathological reports on 
enucleated eyes were searched for in the hospitals 
where such operations are performed in Northern 
Ireland. Ophthalmologists were most helpful in 
letting us have information about their hospital and 
private cases, the records of the Ulster schools for 
the deaf and blind and partially sighted children 
were consulted, and School and Child Welfare 
Medical Officers notified known or suspicious 
cases. Finally, by courtesy of the Registrar-General 
for Northern Ireland, it was possible to attempt 


to trace deaths certified as due to retinoblastoma 
or glioma of the retina. 

Table I suggests that it is almost certain that we 
have failed to find a considerable number of cases 
which occurred in the war and immediate post-war 
years. The only other explanation of the time 
distributions of the births and diagnoses would be 
that the condition has become commoner since the 
war, and that seers unlikely. There is a gap in 
biopsy and enucleation reports in ophthalmic hospi- 
tals and departments during the war and immediate 
post-war years. For some unexplained reason, the 
death certificates of subjects often fail to mention 
retinoblastoma as a cause of death so that records 
could not be checked from this source. The low 
incidence in the last two years (1955-56) is presum- 
ably attributable to the fact that in many cases the 
condition is not diagnosed until some time after 
birth. 


TABLE | 


YEARS OF BIRTH AND OF DIAGNOSIS OF 23 “SPORADIC” 
CASES OF RETINOBLASTOMA 
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1. M = Male; F = Female; L = Livebirth; S = Stillbirth; A 


= Abortion. 


2. The affected propositi are printed in bold type, e.g. ML 


All the 23 families ascertained were traced and 
each was visited and a full family history taken. 
None of the parents knew of being related to each 
other in any way. There was no history of the con- 
dition in any family, so that all the cases must be 
considered “‘sporadic’’. A biopsy report confirming 
the diagnosis was available for each case. 

Table II sets out the basic data necessary for 
consideration of the genetical aspects of the condi- 
tion in subjects in whom the condition was (at least 
up to the time of writing) unilateral. 

Table III (overleaf) sets out the comparable data 
in respect of families in which the subject had both 
eyes affected. 


RESULTS 


SuRVIVAL.—The average age at which the condi- 
tion was diagnosed for the first eye in the eighteen 
unilateral cases was | year 8 months (range | to 54 
months). The average age at diagnosis of the first 
affected eye in the five bilateral cases was 2 years 
(range 15 months to 3 years). 

Of the eighteen unilateral cases, seven had sur- 
vived more than 5 years from diagnosis, and three 


had died (at 13, 12, and 8 months after diagnosis). 
Two of the bilateral cases had died (at 54 and 19 
months after diagnosis of the first eye) and three 
are alive (at 59, 49, and 1 month after diagnosis of 
the first eye). 


FREQUENCY.—Over the whole period there were 
23 cases in 622,577 live births or approximately 37 
per million live births (Table I). For reasons stated 
above, this must be regarded as a minimum estimate 
and, if only the latter half of the period, namely 
July 1, 1947, to December 31, 1956, is considered, 
the figures are 17 in 292,075 live births or approxi- 
mately 58 per million live births. To avoid the 
complications of the overlapping of years of birth 
and years of diagnosis, it seems better to take the 
frequency as cases diagnosed per births occurring in 
these years. The difference in the frequency from 
that calculated by using cases born each year as the 
denominator is very small. 


UNILATERAL AND BILATERAL Cases.—The pattern 
of occurrence of unilateral and bilateral cases of 
retinoblastoma is of particular interest and relevance 
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ONE EYE AFFECTED 















































































































































to the genetical hypothesis. It has long been noted 
that a high proportion of sporadic cases are uni- 
lateral (as in this series, where eighteen of 23 sporadic 
cases are unilateral), whereas in cases with affected 
relatives a much smaller proportion, probably less 
than half, are unilateral (Griffith and Sorsby, 1944; 
Franceschetti and Bischler, 1946; Falls and Neel, 
1951). This observation has been the starting point 
for the suggestion that some unilateral cases are not 
hereditarily determined but represent somatic 
mutations (Falls and Neel, 1951; Vogel, 1954). 

It seems worth while therefore to examine the 
pattern of occurrence of unilateral and _ bilateral 
cases in a little more detail and then to discuss the 
arguments for the occurrence of somatic mutations. 


(a) Over-estimation of True Proportion of Uni- 
lateral Cases in Any Series.—In many cases which 
subsequently prove to be bilateral, the affection is 
noted in one eye before it can be detected in the 
other. The time interval between the detection of 
the condition in the first and second eyes may only 
be a few weeks. In the present series the mean inter- 
val in the five cases was 11 months (range 0 to 18 


Parental Age (yrs) 
at Birth Age at Age at 
——— — Side Diagnosis | Enucleation Period of Survival after Diagnosis 
Father Mother (mths) (mths) 

B 1 17 Subject | Control Subject | Control 

- e - 33 33 35 22 R 18 18 Alive 2 yrs later (aged 34 yrs) 

_ — _— 31 32 29 34 R 20 21 Alive 8 mths later (aged 2 yrs 4 mths) 

Biwet«=| @ 21 40 22 R 24 30 Died 1 yr later (aged 3 yrs) 

Ailal-— 26 37 24 35 R 23 24 Alive 16 yrs later (aged 18 yrs) 

<n —- a 48 42 35 39 L 3% 37 Alive 15 yrs later (aged 18 yrs) 

El q aig — 30 42 23 37 iL. 7 18 Alive 13 yrs 5 mths later (aged 4 yrs) 

| — -- 30 29 M” 28 L 9 14 Alive 7 yrs 3 mths later (aged 8 yrs) 

iggy ig _— 39 37 33 37 R 32 36 Alive | yr 10 mths later (aged 4 yrs 4 mths) 
= 37 34 36 26 L 12 18 Died 1 yr later (aged 2 yrs) 

“se — = T 36 22 36 21 L 6 30 Alive 2 yrs 4 mths later (aged 2 yrs 10 mths) 

_ — — 27 r 22 26 20 L 24 32 Alive 15 yrs later (aged 17 yrs) 

= — — 747 46 245 34 R 36 38 Alive 17 yrs later (aged 20 yrs) 

_ — _— 26 28 24 24 L 9 24 Alive 3 yrs 4 mths later (aged 4 yrs) 

= oe a 34 24 L 24 28 Died 8 mths later (aged 2yrs 8 mths) 

—_ | — _ 24 33 | 2 r 2 R 3 7 Alive 2 yrs 4 mths later (aged 2 yrs 7 mths) 
ee l-|— 38 34 | a a % 4 | L 54 57 Alive 10 mths later (aged 5 yrs 4 mths) 
i-i-|-|~»{|o|luja] es 23 27 Alive 5 yrs later (aged 7 yrs) 

_ — -— 37 | 24 | 29 | 2/ | R 1 3 Alive 4 mths later (aged 5 mths) 

3. The figures in italics under Birth Rank and Parental Age apply to the control series. 
4. R and L in column headed Side means right or left eye. 


months.) It is sldom more than 18 months, and a 
second eye seldom or never becomes affected more 
than 5 years after the first. Any series of cases, 
therefore, may include children who died from the 
effects of the first eye, and it is a matter of surmise 
whether, if the child had survived, the second eye 
would have become affected. Most series also in- 
clude children whose first eye became affected less 
than 5 years before the cases were reported, and 
again it is impossible to tell the fate of the second 
eye. Presumably some of each of the above groups 
are potentially bilateral. 

There is also good evidence (Duke-Elder, 1940; 
Hine, 1937; Griffith and Sorsby, 1944) that tumours 
may appear and retrogress, leaving little functional 
disability or signs in the eye. It seems logical to 
suppose that the smallest manifestations of tumours 
may be missed or be indeed indetectable. They may 
even be only potential tumours, in that if involve- 
ment of the second eye does not occur within a few 
years some developmental-time association may 
determine that it never occurs. Stated in genetical 
terms, it may be said that, if there were separate 
genotypes, then bilateral genotype would be the 
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TABLE III 
DATA RELATING TO SUBJECTS WITH BOTH EYES AFFECTED 
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under-estimated from the observed proportion of 
phenotypic expression in any series. 


(6) Proportion with Unilateral Affection in Sporadic 
Cases and in Those with Affected Relatives—The 
factors which determine over-estimation of the pro- 
portion of unilateral cases in any series apply both 
to sporadic cases and to those having affected 
relatives. However, on an average, about 75 per 
cent. of sporadic cases reported in the literature are 
unilateral, but only about 45 per cent. of the cases 
having affected relatives are unilateral. A slightly 
greater proportion of bilateral cases might be 
expected in the latter, as more subjects, notably 
those affected in previous generations and older sibs, 
would be observed for a longer period and would 
thus have a greater chance of becoming bilateral. 
The difference in proportion is, however, much too 
great to be explained on such a basis. Even taking 
only living sporadic cases observed for more than 5 
years after diagnosis of the first eye, approximately 
65 per cent. are still unilateral (Falls and Neel, 1951). 

It is instructive to examine a little more closely an 
unselected series of pedigrees such as those reported 
from the literature by Griffith and Sorsby (1944). 
Of the pedigrees which they reproduce (pp. 288, 
289, and 290), a number have to be excluded because 


they contain some members of whom it is not known 
from the original accounts whether one or both 
eyes were affected. The unilateral and bilateral cases 
in their relationships in the remaining pedigrees are 
shown in Table IV (opposite). 

It is clear that, if this series is representative, it is 
mainly unilateral cases and the appropriate geno- 
types having normal phenotypes who are usually 
the first affected in families. It is also clear that it 
is not uncommon for unilaterally affected persons 
to have bilaterally affected offspring (Griffith and 
Sorsby, p. 289), and for bilaterally affected parents 
to have unilaterally affected offspring (Fairclough, 
1947; Falls and Neel, 1951; Weller, 1941). 


(c) Suggestion that a Number of the Unilateral 
Cases represent the Expression of Somatic Muta- 
tions.—As mentioned above, Falls and Neel (1951) 
pointed out that the possibility of the occurrence of 
somatic mutation could not be excluded, and Vogel 
(1954) takes the suggestion further by attempting to 
produce evidence that, when unilateral sporadic 
cases marry, an undue proportion fail to produce 
affected subjects among their offspring. If such 
evidence could be produced, and if it could be shown 
that no such phenomenon occurred in the offspring 
of sporadic bilateral cases but that in the pooled 
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TABLE IV 
PEDIGREES IN THE LITERATURE 





Types of Case 


Unilateral | Bilateral 


| Sporadic cases who are 
the direct ancestors of 
affected cases (includes 
also pedigree of Owen- 
Beresford, p. 290) 





Sibships of offspring of 
above .. - i 
Sibships of offspring of 
normal parents having 
no affected relatives. . 
Sibships of offspring of 
normal parents but 
having affected relatives 14 


— .,. : 55 














Those excluded are:— 
p. 289, Van der Hoeve, Weller-Sleight, 
Milanowski, Odinzow, and Taylor; 
p. 288, Emrooth, Fuchs, Nemoto, Boyd, Von Graefe, Wilson, Sichel, 
Calderini, Comas, Dabney, Marshall, Valenti, Flexner, and 
Wintersteiner ; 
p. 290, Hemmes, Von Graefe, Lukens, Feinstein, and Thompson and 
Knapp. 


Maher-Pockley. Best, 


sibships of such offspring approximately half were 
affected, this would support a somatic mutation 
theory. 

Owing to the rarity of the condition and the low 
fertility of affected subjects, it is most unlikely that 
evidence of this kind will ever come from complete 
ascertainment series‘ reported by a single author. 
It is also unlikely that sporadic cases of retino- 
blastoma having normal or affected children are 
reported randomly by ophthalmologists. The former 
may well be considered as lacking in interest by 
non-geneticists. 

Vogel gives a Table of nineteen fertile matings, 
reported by six authors, between unilateral sporadic 
cases and normal persons. These matings are, he 
says, the only ones in the literature at that time 
which were ascertained solely by an affected parent. 
Only three of 43 offspring were affected. He con- 
cludes that about 75 per cent. of unilateral sporadic 
cases of retinoblastoma represent somatic mutations. 
(Hence the mutation rate as calculated by him from 
his data is just over 4 per million, but if calculated 
on the same basis as that of other authors (Falls 
and Neel, 1951; Philip and Sorsby, 1944), the rate 
would be 17 per million). Vogel excludes all the 
families in the literature in which a_ unilateral 
sporadic case of retinoblastoma had affected off- 
spring except those families which were apparently 
ascertained through an affected child, and he is 
right in his insistence that, if ascertainment were 


through an affected child, a thoroughly biased 
series of matings and offspring would be collected. 
What he overlooks, however, is that, in practice, it 
is almost impossible to ascertain a two-generation 
family only by those affected in the first generation. 
The families he quotes are therefore unlikely to be 
representative of all matings of sporadic unilateral 
cases, but probably represent a selected series, in 
that the majority could not have been ascertained 
through a second generation case. 

It seems to us to be quite impossible to determine 
from any available data, this important point, 
namely: 

What proportion of sporadic cases, unilateral and/ 
or bilateral, when they marry and have children, 
have affected children, making allowance for sibship 
size of offspring, and chance distribution of affected 
in sibships on the hypothesis of an expected 50 per 
cent. affected ? 

It is certain that many unilateral cases are of the 
same genotype as bilateral cases. The eighteen uni- 
laterally affected parents in the pedigrees collected 
by Griffith and Sorsby (1944) had unilaterally and 
bilaterally affected offspring, and there are many 
pedigrees illustrating all relationships of unilateral 
and bilateral cases as sibs, as parent and child, and 
as child and parent. 


(d) Possible Histological Differences —The only 
positive evidence of a qualitative difference between 
unilateral and bilateral cases is that suggested 
by Cumings and Sorsby (1944). These writers 
examined carefully the tumours of eight sporadic 
unilateral cases, eight sporadic bilateral cases, and 
three bilateral cases with a positive family history. 
They concluded that, in the eight sporadic unilateral 
tumours, the condition originated in the outer 
nuclear layer of the retina. They could not find 
distinguishing points between the bilateral sporadic 
tumours and the hereditary bilateral tumours, but 
considered both to be distinguishable from the 
sporadic unilateral tumours in that they arose in 
the inner nuclear layers of the retina or from both 
layers. As far as the present writers can discover, 
these observations have not been repeated by other 
observers. The data given in the paper do not 
include an assurance that some of the unilateral 
cases did not subsequently become bilateral, and at 
least two of the cases had their enucleations within 
2 years of the report being made, so that a second 
eye could subsequently have been affected. Further, 
from the evidence of many pedigrees, it seems 
unlikely that somatic mutation, even if it does occur, 
is very common—even sufficiently common for an 
unselected series of eight cases all to be of such 
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origin. It would have been helpful if examinations 
could also have been made of the eyes of unilateral 
cases where the condition had definitely been trans- 
mitted or received, for as noted above there are 
many such cases. It may be noted also that France- 
schetti and Bischler (1946) have reported retino- 
blastomas in a father and son which showed gross 
histological differences, certainly as great as the 
differences described by Cumings and Sorsby. 


MUTATION RATES.—Assuming all cases here 
reported to be recipients of a fresh dominant muta- 
tion at the same locus, the mutation rates estimated 
would be half of the figures for frequency as calcu- 
lated, namely 18-5 per million, if the whole period 
1938-56 is considered, and 29 per million for the 
second half of the period where the evidence is that 
the ascertainment was much better. The latter would 
seem to be the better estimate for Northern Ireland. 
This may be compared with estimations calculated 
in the same way by Philip and Sorsby (1944) of 17 
per million, Falls and Neel (1951) of 23 per million, 
and Vogel (1954) of 17 per million. 

Factors tending to make 29 per million an under- 
estimate of the rate per locus would be failure of 
ascertainment of fresh cases and missing of retro- 
gressed cases, but both would probably have small 
effects. 

The estimate is too large if somatic mutations are 
included in the unilateral cases, or if genes at other 
loci can cause the condition. 


““ANTICIPATION’’.—-It seems likely that more uni- 
lateral than bilateral cases grow up, marry, and have 
children. The unilateral cases, as has already been 
demonstrated, preponderate in all sporadic series 
published. It is reasonable to assume therefore that 
a person of the appropriate genotype is more likely 
to transmit the condition if normal! phenotypically, 
than if unilaterally affected (having survived child- 
hood and being socially handicapped by the loss of 
one eye only), or than if bilaterally affected (the 
hazard of non-survival and the social handicap to 
marriage both being greater). 

If bilateral cases are regarded as more “severe” 
than unilateral cases, then it follows that in families 
of two generations an undue proportion of cases will 
be more “severe” in the second than in the first 
generation and so “anticipation” is seen. 

The preponderance of unilaterally affected in the 
sporadic cases still remains without any satisfactory 
explanation. 


PARENTAL CHARACTERISTICS.—As no figures for 
parental ages were available in Northern Ireland, 
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it was necessary to assemble a control series matching 
each subject for sex and year of birth. This was done 
by collecting the appropriate data in respect of , 
series of control subjects so selected attending th 
casualty out-patient departments of the Belfas, 
teaching hospitals. The relevant data concerning | 
parental age at the time of birth in the subjects and 
controls derived from Tables II and III are set out” 
in Table V. The numbers are small, and although 
there is a technically significant difference (P < 0-05) 
between the mean paternal ages of the bilateral cases © 
and the control subjects, it would clearly be unwise 
to base any conclusions upon it. The data are in” 


very marked contrast to those recently published ~ 


from this department on achondroplasia (Stevenson, 
1957) in which the age effect seemed to be most 
marked in the fathers of living achondroplastic 
subjects. 




















TABLE V 
PARENTAL AGES AT BIRTH OF SUBJECTS WITH RETINO. © 
BLASTOMA q 
Paternal Age Maternal Age 
No (yrs) (yrs) 
Series of 
Cases Standard Standard 7 
Mean via- | Mean | Devia- 
tion tion 
Subjects 18 33-61 6-81 31-33 6-62 
Unilateral 
Controls 18 33-11 8-17 28-61 6°44 
Subjects 5 34-20 5-89 30-00 6°12 
Bilateral 
Controls 5 25-80 3-96 23-80 1-92 























No parents had had any therapeutic x-ray or 
radium exposure or any fluoroscopic examinations. 

As the information is available, it seems worth 
recording the number of radiographic examinations 
of the parents, although dosage from such sources 
is extremely small and any effects would not be 
detectable. 

The mothers in Families 1, 11, 12 and 22 had 
abdominal radiography to establish the lie of the 
child in the 9th, 9th, 6th, and 8th months respectively 
of the appropriate pregnancies. 

Only in four families was there a positive history 
of diagnostic radiography before the birth of the 
affected child. The details are set out in Table VI 
(opposite). 


SUMMARY 


In 23 subjects a diagnosis of retinoblastoma has 
been made in Northern Ireland in the period 1938 
to 1956 inclusive. Reasons are given which suggest 
strongly that ascertainment is incomplete over the 
earlier part of the period, and it is concluded that the 
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DIAGNOSTIC RADIOGRAPHS OF PARENTS OF SUBJECTS 
BEFORE CONCEPTION OF THE CHILD 
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Date i Date 
1938, 1941, 1950 
1940 


1950 





Family No. 











_— “Several chest x-rays follow- 
ing pleurisy, 1948”. 
(Hospital records cannot 
be traced). 
— Chest | 1944 
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Chest | 1949, 
1953, 1953, 
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1951, 1952, 
1955, 














frequency in births over the latter half of the period 
is a reasonable estimate of the prevailing rate. 

All the cases were sporadic, none having any 
known affected relatives. Eighteen are alive and 
five are dead. Eighteen subjects had only one eye 
affected (including three with only one eye affected 
at the time of death). Five subjects (two dead) had 
both eyes affected. 

A direct estimate of the mutation rate calculated 
over the latter half of the period is 29 per million. 

A study of the literature reveals that unilateral 
affection is more commonly observed in sporadic 
subjects than in those having affected relatives. It 
is difficult to explain all the excess of unilateral cases 
in sporadic subjects. If somatic mutation does 
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occur and does account for some unilateral cases, 
the evidence from the literature suggests that it 
must be a rare phenomenon and one which does not 
contribute materially to the frequency of unilateral 
affection in sporadic cases. 
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OBSERVATIONS ON THE INCIDENCE OF UPPER 
RESPIRATORY INFECTIONS IN A ROYAL AIR FORCE 
FORMATION IN SOUTHERN RHODESIA 


BY 


W. B. THORBURN, we. cpr. R.A.F. 


From the Directorate of Hygiene and Research, Air Ministry 


The upper respiratory infections are among the 
commonest causes of morbidity in general. Apart 
from this, they have their own particular importance 
in the Royal Air Force, because of their influence on 
the efficiency of those who fly. Pilots and their fellow 
aircrew members are repeatedly subjected to sudden 
changes in atmospheric pressure during rapid ascent 
and descent in flight. Congestion of the respiratory 
Passages may incapacitate them by preventing the 
normal response of nasal sinuses and Eustachian 
tubes to such changes. 

Concern was felt in 1952 at the prevalence of 
upper respiratory infections among flying personnel 
in the Rhodesian Air Training Group (R.A.T.G.), 
of which the writer was Senior Medical Officer at 
the time. It was in addition observed that the 
incidence of the upper respiratory infections in the 
Group as a whole was higher than in any com- 
parable formation at home or abroad. In 1951, for 
example, the incidence was 88 per thousand per 
annum compared with 61 in the Middle East, 58 in 
Germany, and 62 in a command with equivalent 
functions in England. It was decided to investigate 
the reasons for the high incidence in R.A.T.G. in 
general and among flying personnel in particular. 


METHODS 


Previous work in the R.A.F. had concentrated 
more on the experimental control of these infections; 
for example the Halton experiment (Macdonald, 
Tonkinson, Portafield, and Dumbell, 1955) was then 
current. There were no facilities in R.A.T.G. for 
anything elaborate of a similar nature, so it was 
decided to analyse the sickness and personnel 
records of all cases admitted to sick quarters or 
hospital or confined to bed at home because of 


upper respiratory infections, during the years 1947 | 
to 1952 inclusive. 

An admission was defined as a case sufficiently 
severe to be in sick-quarters or hospital or at home 
in bed for over 48 hours. The main reason for 
limiting the investigation to admissions was that it 
would eliminate over-readiness to report sick as a | 
cause of increased incidence. Those with trivial ~ 
complaints are not put to bed for over 48 hours; 7 
those requiring such treatment are most unlikely to ~ 
stay away from the doctor. 

Upper respiratory infections were classified as 
acute tonsillitis, acute sinusitis, and the group — 
comprising coryza, nasopharyngitis, pharyngitis, ~ 
laryngitis, and tracheitis. In multiple diagnoses, of — 
which there were not a great number, only the 
major infection counted. The information obtained 
was analysed according to a number of social and 
environmental circumstances, which it was hoped 
might throw light on the high incidence of upper 
respiratory infections in R.A.T.G. as a whole and © 
among flying personnel in particular. 


RESULTS 


Prevalence.—Table I (opposite) shows the total 
cases of tonsillitis, sinusitis, and other upper res- 
piratory infections that occurred in the R.A.F. in 
Southern Rhodesia during the period 1947 to 1952. 
The incidence for the whole population for this 
period was 76:1 per thousand per annum; tonsil- 
litis, with an incidence of 38-9, was responsible for 
more than half the cases. This Table also shows the 
breakdown of the population into flying personnel 
(360) and ground personnel (1,889). There is a 
marked disparity between the incidence of upper 
respiratory infections in these two groups: 155-1 in 
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aircrew, 61-0 in ground personnel. The standard 
error of the difference between these proportions is 
8-1, so that the difference is unlikely to be due to 
chance. Aircrew show a higher incidence of 
tonsillitis; but the difference between the incidences 
in aircrew and ground personnel of other upper 
respiratory infections is greater. 


TABLE I 
AVERAGE INCIDENCE OF UPPER RESPIRATORY 
INFECTIONS 1947 TO 1952 
(per 1,000 per annum) 





Infection 


Flying 
Personnel 
(Strength 360) 


Ground 
Personnel 
(Strength 1,889) 


Total 
(Strength 2,249) 





Cases | Incidence | Cases | Incidence | Cases | Incidence 
64-3 34-0 525 38-9 
19-9 81 71 124 9-2 
70-8 19-8 378 28-0 


155-1 692 | 61-0 1,027 76-1 





Tonsillitis 139 
Sinusitis 43 
Others .. 153 


Total .. 335 


























Note: In Tables I to III the strength is the average for the years 
concerned; the cases are totals for the period. 


Age.—Table II gives the incidence of upper res- 
piratory infections in flying and ground personnel 
by age groups. In the population as a whole the 
younger age groups (under 30 years old), and in 
particular those under 20 years, suffered most from 
these infections. The incidence was 85 per thousand 
per annum in the under thirties and 46 in those aged 
30 and over (D=39; S.E.=4-7). The Table also 
gives the incidence in aircrew standardized for age. 


The higher incidence among them is not accounted 
for by the age distribution. 

Length of Tour.—The R.A.F. tour of duty in 
Southern Rhodesia was 30 months for regulars, 18 
months for National Service men, and 9 months for 
aircrew under training. The incidence of upper 
respiratory infections at various stages of the tour is 
shown in Table III. Figures were available only for 
1951 and 1952. The incidence among ground 
personnel was lowest at 10 to 18 months. 

Since National Service airmen spent 18 months in 
R.A.T.G., there was probably little difference in the 
age distribution among ground personnel during 
the first and second 9-month period of the tour. 
The figures suggest increased susceptibility to upper 
respiratory infection during the first few months 
spent in Rhodesia. In fact, during the first 3 months 
the incidence was 116 per thousand per annum. 
The population in the third period of 9 months 
consisted of regulars only, so is not comparable. 
The figures for aircrew in the second and third 
9-month periods are too small to be reliable. In any 
case they are not comparable with those for the first 
9 months, when about 70 per cent. of the aircrew 
population consisted of pupils. It is noteworthy, 
however, that when aircrew are included with 
ground personnel, the ground incidence (in the first 
9 months) of 80 per thousand is raised to a total 
incidence of 100 per thousand per annum. This 
25 per cent. increase is an indication of the influence 
of the 9-month tour of aircrew pupils on the whole 
incidence in R.A.T.G. 


TABLE Il 


AGE DISTRIBUTION OF UPPER RESPIRATORY INFECTIONS 1947 TO 1952 
(Incidence per 1,000 per annum) 





Flying Personnel 


Ground Personnel 





Cases Incidence Strength 


Incidence Strength 





252 


201 
1,025 
231 
3 202 
35 and over 230 





137 283 
48 1,181 
104 288 
44 254 
27 243 





Total .. 1,889 














61 2,249 1,027 

















Standardized against the ground personnel age distribution, the incidence for flying personnel becomes 149. 


TABLE III 
INCIDENCE OF UPPER RESPIRATORY INFECTION BY LENGTH OF TOUR, 1951 TO 1952 





Flying Personnel 


Ground Personnel 


Total 





Length of 
Tour 
(mths) 


Incidence 
(per 1,000 
per annum) 


Strength Cases Strength 


Incidence 
(per 1,000 
per annum) 


Cases Strength Cases 





0-9 326 95 146 766 
10-18 43 16 186 943 
19-27 18 12 333 407 

















123 80 1,092 218 
50 986 110 


94 
62 76 425 74 
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Domestic Environment.—No social or domestic 
factor was observed that could account for the high 
incidence of upper respiratory infections in flying 
personnel. None of them slept more than two in a 
room. Their living accommodation in messes was 
good. On the other hand a large proportion of 
ground personnel occupied twenty-bedded dormi- 
tories. This should in theory have facilitated the 
spread of infection among them. As a whole living 
conditions favoured aircrew. 

Occupational Factor.—The lower incidence of 
upper respiratory infections among ground per- 
sonnel (Table 1) suggests that an occupational factor 
might be a cause of the higher incidence in aircrew. 
Of the 1,889 ground personnel, 952 men were con- 
cerned with aircraft engineering or maintenance; 
their occupational environment corresponded broadly 
with that of aircrew on the ground. Among them 
there were 316 cases of upper respiratory infection, 
an incidence of 55-3 per thousand per annum. 
Among the remaining 937 ground personnel, who 
had little or nothing to do with aircraft, there were 
376 cases, an incidence of 66-9. This suggests that if 
there was some occupational factor, it was un- 
connected with the work of aircrew on the ground. 

Complete figures for upper respiratory infections 
in families were not available for the whole period 
of observation. But among 100 wives of aircrew in 
1951, there were ten cases that could be classed as 
admissions because of such infections. This gives 
an incidence of 100 per thousand per annum, while 
in the same year the incidence among their husbands 
was 189. The sample is small and the difference 
could be due to chance or to reasons unrelated to 
occupation. However, as evidence, this difference 
does fit in with the other factors pointing to the 
operation of an occupational factor among aircrew. 

Oxygen Masks.—Training aircraft in R.A.T.G. 
had no oxygen systems, but masks incorporating 
microphones were worn by aircrew for radio com- 
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munication. This might suggest that “oxygen” 
masks were a possible vehicle for the spread of 
infection from man to man. The masks were, how- 
ever, an individual issue and inquiry showed that 
there was no common usage. In addition the masks 
were cleaned periodically and, if returned to stores, 
were disinfected before reissue to another person. 

Climate.—The respiratory tract of the occupant 
of an aircraft in flight is subjected to changes in 
temperature, pressure, and other atmospheric con- 
ditions. Evidence of the effects of such changes on 
susceptibility, it was reasoned, might be found if any 
association could be shown between ground climatic 
conditions and the prevalence of upper respiratory 
infections in general. Such evidence might help to 
confirm the suspected occupational susceptibility of 
aircrew. 

The number of cases of upper respiratory infection 
occurring each month during the period of observa- 
tion was standardized to the average population of 
2,249, i.e. the number was increased or decreased 
according to the proportion between the actual 
monthly population and the average population for 
the whole period of observation. The mean values 
for each month were then correlated with the mean 
meteorological data for the same period. The in- 
formation obtained in this way is set out at Table IV, 
and the relevant coefficients of correlation in 
Table V (opposite). 

There is no correlation between upper respiratory 
infections as a whole or between other infections and 
climatic conditions. There is some inverse correla- 
tion between tonsillitis and absolute humidity both 
in the same month (co-efficient — 0-56) and in the 
previous month (co-efficient — 0-61). Sinusitis 
shows some positive association with the mean 
minimum temperature of the previous month 
(co-efficient + 0-57). Taking a level of significance 
for the correlation of 12 pairs of + 0-576 (Fisher 
and Yates, 1948), only the second of these 


TABLE IV 
COMPARISON OF UPPER RESPIRATORY INFECTION WITH METEOROLOGICAL CONDITIONS, 1947-1952 





No. of Cases 


Mean Mean Temperature (°F.) 











Month Absolute 
Humidity 
Total Tonsillitis Sinusitis Other (g./cu. m.) Maximum Minimum 
January. . 75 35 16 24 10-4 79 60 
23 10-1 80 58 
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associations is established. The association of cli- 
mate and infections in aircrew was similarly tested. 
Neither tonsillitis, sinusitis, or other upper respi- 
ratory infections were found to correlate at all 
with any climatic condition, the coefficients in 
each case being less than + 0-4. 


DISCUSSION 


There were two questions to which answers were 
sought. Why did the R.A.F. have a higher incidence 
of upper respiratory infections in Southern Rho- 
desia than in other theatres? Why were aircrew the 
worst afflicted by these infections? 

Downes (1952) remarked on the tendency for 
susceptibility to upper respiratory infection to 
decrease with age. This is common experience in 
the Royal Air Force as a whole and the pattern of 
infection in R.A.T.G. was no different. Aircrew 
pupils belonged to particularly vulnerable age 
groups. 

Aircrew pupils were additionally vulnerable be- 
cause they were relatively unacclimatized and be- 
cause they flew. On account of their 9 months tour 
of duty, this most susceptible group was constantly 
reinforced. In this respect R.A.T.G. was unique 
among R.A.F. formations abroad. The higher 
general incidence of upper respiratory infections 
among the R.A.F. in Rhodesia may have been due 
in part to this circumstance. 

Charters (1951) drew attention to the prevalence 
of sinusitis and sore throats among Europeans living 
at high altitudes in Kenya. He attributed this to the 
low humidity and consequent drying of the upper 
respiratory mucosa. Waddy (1952) demonstrated 
that the prevalence of airborne infections, such as 
cerebrospinal fever and lobar pneumonia, varied 
inversely as the absolute humidity of the previous 
month. Acute tonsillitis among the R.A.F. in 
Southern Rhodesia appeared to follow a similar 
pattern. The altitude of the R.A.T.G. stations was 
approximately 4,500 feet, and for 6 months of the 
year the mean absolute humidity was 6-5 g. per 


cu. m. or less (Table VI). In contrast, the majority 
of the R.A.F. stations abroad are low lying, many 
being near coasts, and few being likely to experience 
absolute humidities-as low as those in R.A.T.G. 
The figures for Cyprus and Singapore illustrate the 
contrast. The dry climate of Rhodesia may have 
been another factor responsible for the high rate of 
acute tonsillitis among R.A.F. personnel who 
served there. 


TABLE VI 


MEAN ABSOLUTE HUMIDITY VALUES COMPARED 
(g./cu. m.) 





At 
High Altitudes 
over Southern 
Rhodesia 
(14,500 ft.) 


Singapore 
at 
Sea Level 


Cyprus 
at 
Sea Level 


Southern 
Rhodesia 

at Ground Level 
(4,500 ft.) 


| 
| 





January. . 10 
February 10- 
March .. 10 
April 
May 
June 
July 
August . 
September 
October. . 
November 
December 
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Upper respiratory infections as a whole did not 
correlate with climate. This was because the asso- 
ciations of the different infections cancelled each 
other out. It was thought that this might also be 
the reason for the lack of correlation between 
climate and the group of other infections, in which 
coryza, pharyngitis, naso-pharyngitis, laryngitis, and 
tracheitis were all treated as one. For this reason it 
was the intention to collect further information on 
each infection in this group, progressively. With 
larger numbers of the individual infections in the 
group, it would have been possible to test climatic 
correlations further. Some explanation for the large 
difference in the incidence of this group in aircrew 
and ground personnel might also have come to light. 
But R.A.T.G. was closed down, and as a result, the 
work was brought to an end. 


TABLE V 
COEFFICIENTS OF CORRELATION BETWEEN CLIMATIC DATA AND UPPER RESPIRATORY INFECTIONS 





Mean Temperature 





Infection Absolute Humidity 


Maximum Minimum 





Same Month Previous Month 


Same Month 


Previous Month Same Month Previous Month 





Tonsillitis ~0-5617 0-6119 


+0-1434 ~0-0362 ~0-1299 0-3714 








Sinusitis +0-5416 +0°4468 


+0-0359 +0-4565 +0-2811 +0-5706 





Other +0-0424 +0-0780 


0- 1526 +0-0894 +0-0706 +0-1749 





Total . . 0-0702 0-1157 











0-0267 +0-2724 40-1119. | +0-1856 
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Neither age, length of tour, or social environment 
account for the difference in incidence between 
flying and ground personnel. On the ground, air- 
crew were exposed to the same climatic conditions as 
everyone else. Unless actually flying their occupa- 
tional environment differed little from that of ground 
personnel working on aircraft, and the oxygen mask 
can be disregarded as a factor increasing the spread 
of infection among them. It seems the inevitable 
conclusion that there must have been some factor or 
set of factors connected with flight that increased the 
susceptibility of aircrew to upper respiratory infec- 
tions. 

Practically every day aircrew flew to about 
10,000 feet, without oxygen, and remained in the 
air for varying periods. Often more than one flight 
was carried out in a day. These men, therefore, 
continually breathed air of low humidity, irrespec- 
tive of ground climatic conditions. The absolute 
humidities of the air at high altitudes are given in 
Table VI. It seems likely that drying of the res- 
piratory mucosa was the factor which increased 
aircrew susceptibility to acute tonsillitis. Supporting 
evidence is the lack of correlation between tonsillitis 
in aircrew and climatic absolute humidity; the 
mucosa was dried in flight irrespective of conditions 
on the ground. 

It is concluded that the causes contributing toa 
high rate of upper respiratory infections in R.A.T.G. 
included the dry climate and the continuous turn- 
over of aircrew under training. The high incidence 
of tonsillitis in aircrew was probably connected with 
the constant drying of the upper respiratory mucosa 
caused by flying at high altitudes. When this inquiry 
came to a premature end, insufficient information 
had been assembled from which to draw conclusions 
about sinusitis and the other upper respiratory 
infections. 


SUMMARY 


(1) From 1947 to 1952, the incidence of upper 
respiratory infections among R.A.F. personnel in 


Southern Rhodesia was higher than among those 
serving in other parts of the world. These infections 
were particularly prevalent in aircrew. Acute 
tonsillitis was the commonest infection. 

(2) The effects of age distribution and length of 
tour on the incidence of upper respiratory infections 
suggest that the constant reinforcement of R.A.T.G. 
by aircrew pupils was one possible reason for the 
high rate. 

(3) The study of the domestic and occupational 
environment of aircrew and ground personnel gives 
evidence that an occupational factor related to 
flying might be responsible for the high incidence of 
upper respiratory infections in the former. 

(4) The study of climatic conditions in relation to 
the infections points to dryness of the atmosphere 
(low absolute humidity) as a factor increasing 
susceptibility to acute tonsillitis. 

(5) Aircrew were constantly exposed to low 
absolute humidities at high altitudes during flight. 
This is the probable occupational factor responsible 
for the prevalence of tonsillitis among them. 

(6) There is insufficient information to reach con- 
clusions on sinusitis and the other upper respiratory 
infections. 


I am indebted to the Southern Rhodesian Government 
Meteorological Office, Bulawayo, for the climatic data. 
I wish to acknowledge the help of Wing Commander 
J. D. Tonkinson, Air Ministry (M.A.7), with the pre- 
paration of the statistics in the paper, and to thank 
Professor A. Bradford Hill for his advice on them. My 
thanks are due for permission to publish this paper to the 
Director General of Medical Services, Royal Air Force. 
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THE CONTRIBUTION OF THE NURSE IN GENERAL PRACTICE 


BY 


D. L. CROMBIE anp K. W. CROSS 
From the Department of Medical Statistics, University of Birmingham 


In general it seems to be taken for granted that 
general practitioner services will continue to be 
based on individual doctor-patient relationships 
with no intervening third party. This pattern is not 
followed in some other medical services, for example 
at Child Welfare clinics, and in Industrial and School 
Health Services, where the presence of a nurse as an 
intermediary between doctor and patient is accepted 
without question. Nor is it invariably followed in 
other countries; in New Zealand, for example, the 
nurse assists the practitioner (Collings, 1950). 
Pinsent (1950) has described the contribution of the 
health visitor to the care of older patients and has 
suggested ways in which a nurse might assist the 
general practitioner in Great Britain. 

There are obviously two ways in which a nurse 
might help. She might provide certain services 
without referring patients to a medical practitioner; 
or she might contribute to the care of patients under 
his direction. There has, however, been no detailed 
investigation of the work which can be undertaken 
by a nurse in general practice, and we here report 
the results of such an inquiry conducted during a 
12-month period (1953-4) in the practice of one of 
us (D. L. C.). The practice includes two residential 
institutions, each with a resident nurse. 


METHODS 


The features of the practice in which this study 
was carried out and the method used in collecting 
the data have been described in a previous com- 
munication (Crombie and Cross, 1956). Briefly, a 
punch-card was completed for each doctor-patient 
contact; the information included the patient’s age, 
sex, marital state, diagnosis, time spent in contact 
with the patient, and degree of severity of the 
illness. At the end of each episode of illness the 


possible contribution of the nurse was assessed. 
Illnesses were classified as follows: 
Group I: Conditions for which it was judged a nurse 
could take full clinical responsibility. 

Group II: Conditions considered to require the atten- 
tion of a doctor, but to which the nurse could 
make a contribution. 

Group III: All other conditions. 


Experience of cases cared for during one week 
by the nurse without reference to a doctor at a 


residential school was used to identify conditions 
appropriate to Group I. They were as follows: 


(a) Mild infections of the upper respiratory tract: 
common colds, coughs, sore throats, or 
huskiness with little or no constitutional 
upset or pyrexia. 

(b) Mild gastro-intestinal disturbances: simple 
nausea, vomiting, and diarrhoea with little 
or no constitutional upset and no abdominal 
pain or pyrexia. 

(c) Minor traumatic lesions: bruises, simple 
sprains, cuts, and abrasions. Cuts and 
abrasions which needed more than cleaning 
and dressing were excluded. 

(d) Minor inflammatory lesions of the skin: 
furuncles, styes, boils, insect bites, and early 
paronychial infections. 


Services which it was considered could be dele- 
gated to a nurse after patients had been seen by a 
doctor (Group II) were as follows: 


(a) General advice on matters such as diet, 
particularly for obesity or peptic ulceration; 
baby feeding and care; use of hypodermic 
syringes for self-administration of insulin 
adrenaline, or ergotamine tartrate. 
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(b) Copying of repeat prescriptions. 

(c) Dressings of minor cuts, abrasions, and ulcers, 
and removal of stitches; sub-cutaneous and 
intra-muscular injections. Intra-venous in- 
jections were excluded. 

(d) Other simple procedures, such as weighing; 
analysis of urine (tests of pH and specific 
gravity of urine and for presence of albumin, 
glucose, and ketones); estimations of blood 
pressure; application of occlusive and elastic 
dressings to sprains, varicose ulcers, or super- 
ficial phlebitis; catheterization of female 
patients; syringing, cleaning, and packing 
ears. 

It is not suggested that delegation of all these 
services would be acceptable in general practice. 
But all of them are delegated in some sphere of 
medicine, and there is no obvious reason why the 
possibility of their delegation in general practice 
should not be investigated. 


RESULTS 


The potential contribution of the nurse in general 
practice is assessed in two ways: 


(a) By estimation of the amount of the general 
practitioner’s time which would have been 
saved during the period of one year had the 
services referred to above been performed by 
a nurse; 

(b) By comparison of the time spent by the general 
practitioner in the care of patients at a resi- 
dential school and an old people’s home 
where he was assisted by a nurse, with the 
time spent in the care of individuals of the 
same ages in the practice where no assistance 
was available. 


Table I gives the proportion of episodes of illness 
during one year to which it was considered that the 
nurse could make a contribution. It was thought 
that she could take full clinical responsibility 
(Group I) for about one-sixth (15-6 per cent.) of all 
episodes and that she could assist with a further 
quarter (23-7 per cent.). 

The proportion of episodes in Group I is rela- 
tively high in four types of illness (respiratory, 
35-5 per cent.; ear, nose, and throat, 25-2 per ceht.; 
gastro-intestinal, 17-5 per cent.; and skin and 
connective tissue, 17-4 per cent.), but is quite small 
in all other types. 

The proportion of episodes in Group II is more 
evenly distributed between the various classes of 
illness, although it is high in the cases of the genito- 
urinary system (42-1 per cent.) and in a miscel- 
Janeous group classified under “‘other’ (42-0 per 


TABLE I 


ESTIMATION OF THE PROPORTION OF EPISODES OF 
ILLNESS DURING ONE YEAR TO WHICH THE NURSE 
COULD MAKE A CONTRIBUTION 





——_ in 
Number roup I* 
Type of of 
Illness Episodes 


Episodes in 
Group Il* 





Number Number 


a 
5 
8 





Respiratory .. 813 289 
E.N.T... fee 901 227 
Skeletal na $53 15S 
Cardiovascular 167 — 
Nervous he 614 9 
Genito-urinary 266 1 
Gastro-intestinal $82 102 
Skin and Con- 
nective Tissue 989 172 
her .. =e 521 28 


All Illnesses .. 5,406 843 


Nw 
‘ 
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* Group I episodes are those for which it was considered a nurse 
could take full clinical responsibility. 

Group II episodes are those (after exclusion of Group I) to which it 
was considered a nurse could make a contribution. 


cent.). The latter includes pernicious anaemia, 
obesity, and various prophylactic procedures such 
as immunization against whooping cough and 
diphtheria. 

Table II (opposite) gives an estimate of the propor- 
tion of the doctor’s time which could be saved by the 
work of a nurse. The Table shows the total time spent 
by the doctor on the various types of illness, and the 
time which would have been saved had the nurse 
attended to the patients classified in Groups I and II. 
The difference between the total time spent by the 
doctor on Group I episodes and the estimate of the 
time which could be saved on these episodes is 
accounted for by the preparation of certificates 
which must be undertaken by the doctor. 

It is estimated that 73 per cent. of the time spent 
on Group I episodes could be saved ; the correspond- 
ing proportion for Group II episodes is 35 per cent. 
The possible saving on episodes of both types is 
approximately one-fifth (19-2 per cent.) of the 
doctor’s time. The saving on Group I episodes 
alone is only 4 per cent., much the greater contribu- 
tion being the work of the nurse on patients first 
seen by a doctor (Group II). The proportion of the 
doctor’s time which could be saved varies somewhat 
from one group to another; it is greatest in the 
miscellaneous group (32-3 per cent.), and in illnesses 
involving the skin and connective tissue (27-7 per 
cent.) and the ear, nose, and throat (23-9 per cent.). 

The services which it was considered that a nurse 
could perform have already been listed; the number 
of times each type of service was given during the 
year of the survey is shown in Table III (opposite). 
The number of services per hundred episodes was 
roughly twice as great for patients in Group II as 
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ESTIMATION OF THE PROPORTION OF THE DOCTOR’S TIME WHICH COULD BE SAVED BY THE WORK OF A NURSE 





Type of Iliness 


Doctor's Time (min.) 


Estimate of Time Saved (min.) 





On Group 
Episodes 


1 | On Group ll 
Episodes 


On all 
Episodes 


On Group I 
Episodes 


On Group II 
Episodes 


Percentage 
of 





Respiratory 
E.N.T. ‘ 


Skeletal 

Cardiovascular 

Ner ‘ous 

Geni'o-urinary 
Gastro-intestinal 

Skin and Connective Tissue 
Other 


1,220 
868 
51 
35 

2 

445 
919 
123 


10,365 
7,189 


922 
607 
47 


“16 


726 
46 





All Illnesses 





3,663 
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TABLE III 


OF SERVICE WHICH COULD BE GIVEN BY A NURSE 





Nature of Service 


Group I Episodes 


Group II Episodes 





Number of 


Frequency of Service 


Number of 
Services 


Frequency of Service 


Total Number 


of Services 
(per cent.) 


Services 


(per 100 episodes) 


(per 100 episodes) 





Advice 205 
Copying Prescriptions . ad ais , 617 
Dressings and ween : 56 
Routine Tests .. ae cb i — 


24 127 
73 1,257 
7 1,161 

349 





Total 878 








104 2,894 














for patients in Group I. The work suggested for the 
nurse consists mainly of three types of service: 
copying prescriptions, dressings, and injections. 

The second assessment of the contribution of the 
nurse is based upon a comparison of the time 
actually spent in a residential school and old people’s 
home where the services of a nurse were available, 
with the time spent in care of patients in the same 
age groups in the practice. The results are given in 
Table IV. The mean number of episodes per patient 
at the school (1-6) slightly exceeds the mean for 
children of the same ages in the practice (1-5), but 
the mean time (min.) per patient (10-5) and the 
mean time per episode (6-5) are less for the school 
than for the practice (12-6 and 8-5 respectively). 

At the old people’s home, the mean number of 
episodes (0-8) per patient was lower than for 
individuals aged 65 and over (1-1) in the practice 
(Table IV). The difference is almost entirely 
accounted for by episodes of minor illness. The 
mean time (min.) per patient was approximately 
50 per cent. higher in the practice (19-1) than in the 
home (12:5). The mean time per episode was also 
considerably higher in the practice. 

When the estimated time saved by the nurse in the 
care of practice patients in each series is deducted 
from the doctor’s time, the resulting mean values 


TABLE IV 


A COMPARISON OF TIME SPENT BY THE DOCTOR DURING 
ONE YEAR IN THE CARE OF PATIENTS IN A SCHOOL AND 
OLD PEOPLE’S HOME, WITH THE TIME SPENT IN THE CARE 
OF INDIVIDUALS OF THE SAME AGES IN THE PRACTICE 





Practice 





Old 
People’s Aged 
Home 5-14 yrs 


Resi- 
dential 
School 


Patients in 
Aged 
65 yrs 

and over 


550 
584 





Number of Patients . . 97 595 
Number of Episodes. . 157 887 
Mean Number of Epi- 

sodes per Patient .. 1-6 . a-S 1-1 





Doctor’s Total Time 
(min.) 

Mean Time per Patient 

Mean Time per Epi- 


1,016 
10-5 


6-5 

















closely resemble those for the institutions. The 
actual saving of time by the nurse in the institutions 
therefore confirms the estimated saving in the 
practice on the basis of the first assessment. 


DISCUSSION 
It has been estimated that 19 per cent. of the 
practitioner’s time could have been saved by the 
assistance of a nurse, 15 per cent. on patients 
referred to her by the doctor, and 4 per cent. on 
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patients seen originally by the nurse. It seems un- 
likely that a saving of this order would be regarded 
as sufficient to warrant the break in the continuity of 
care which would result. Moreover the actual time 
saved would probably be a little lower than the 
estimate, since some of the doctor’s time would 
inevitably be required in delegating the work. 

If a nurse has any part to play as an assistant in 
general practice it would seem desirable that she 
should combine this role with other functions. In 
practices of three or more doctors, she might under- 
take the duties of health visitor and district nurse, 
but in single-handed practices it would probably also 
be necessary for her to carry out the duties of 
receptionist. 

This study was confined to the work which a 
practitioner now undertakes. It has not taken 
account of the possibility that the nurse and practi- 
tioner as a team might provide a higher standard of 
care than is possible by a practitioner working on 
his own. In future there may be an extension of 
preventive work in general practice and this might 
well be promoted by the presence of a nurse assistant. 
Her duties under these circumstances might be more 
extensive than those considered here. It is also 
probable that a nurse would attract patients with 
minor complaints who at present either treat them- 
selves or go without treatment. 


D. L. CROMBIE AND K. W. CROSS 








SUMMARY 


(1) The potential contribution of the nurse has 
been assessed by estimation of the amount of the 
general practitioner’s time which would have been 
saved during one year had certain defined services 
been performed by a nurse. It was considered that a 
nurse could take full clinical responsibility for 


16 per cent. of episodes of illness seen by the doctor ‘ 
during a year, thereby saving 4 per cent. of the [ 


doctor’s time. She could assist with a further 24 per 
cent. of episodes which would result in an addi- 
tional saving of 15 per cent. of the doctor’s time. 

(2) A second assessment has been made by com- 
parison of the time actually spent by the doctor in 
the care of patients at a residential school and an 
old people’s home where he was assisted by a nurse, 
with the time spent in the care of individuals of the 
same ages in the practice where no assistance was 
available. The doctor spent approximately 20 per 
cent. more time on each child in the practice than 
on each of those in the school, and about 50 per cent. 
more time on each patient aged 65 years and over in 
the practice than on each individual in the old 
people’s home. 
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VAGARIES OF LOCAL MORTALITY RATES 
UNDER THE 1953-54 RULES FOR TRANSFER OF DEATHS 


BY 


DAVID HEWITT 
Social Medicine Unit, University of Oxford 


An interesting and valuable feature of the 
Statistical Review published annually by the 
Registrar-General is the Table which compares 
the mortality of each local government area in 
England and Wales. Great care has been taken to 
present these comparisons in a way which discounts 
the effect of local variations in the sex and age 
structure of the population. Since 1934 the method 
of standardization has been to multiply each crude 
death rate by an “area comparability factor’’, 
computed from census data, and then to divide 
the product by the crude death rate for England 
and Wales as a whole. The resulting figure is termed 
the “ratio of local adjusted death rate to the 
national rate” (hereafter referred to as the “local 


ratio”). In the Text Volume of his 1951 Review the 
Registrar-General states that this procedure “‘pro- 
vides a valid basis of comparison between areas of 
mortality rates relating to deaths from all causes 
within the same year, except for areas whose area 
comparability factor may be unreliable for certain 


years” (Registrar-General, 1954). The 1953 Text 
Volume contains a similar statement, but adds that 
the method does not “take account of the influence 
of certain types of institution, e.g. chronic sick 
hospitals, on the death rate of the area” (Registrar- 
General, 1956). The need for this additional 
qualification arose from a change in registration 
practice ordered in 1952. 

The new rules of procedure were set out in a 
memorandum circulated by the General Register 
Office in October, 1952, and reproduced in the Text 
Volume of the 1953 Review. The main provisions 
of the Memorandum was that persons dying on or 
after January 1, 1953*, in a mental hospital, mental 
deficiency institution, or hospital for the chronic 
sick were to be regarded as residents of the area in 
which they died, whether or not they had been living 





* But it was clear from the statistics that this rule must have come 
into force in some areas in 1952. The most recent volume of Tables, 
that for 1955, states that the change made in 1952 related to “persons 
dying in accommodation provided under Parts III and IV of the 
National Assistance Act, 1948”’. 


in the same area before admission to the hospital or 
institution. This change was immediately unpopular 
with the Medical Officers of Health for some of the 
areas in which large hospitals were situated, and as 
a result of their representations a minor change was 
announced in a Circular of January, 1954 (General 
Register Office, 1954). Without abandoning the 
view that inmates of long-stay institutions ought to 
be regarded as normally resident in the area of the 
institution, this Circular provided that certain 
chronic hospitals which admitted a considerable 
proportion of acute cases should be treated as 
general hospitals, i.e. deaths occurring in them 
would be allocated, as formerly, to the areas from 
which patients had been admitted. To qualify for 
this treatment, “‘the ratio of the number of deaths 
and discharges to the average daily bed occupation 
should be two or more in each of the two most 
recent years for which figures are available’. 
The disturbing effect on local mortality figures of 
these successive changes may be illustrated by citing 
what is probably the most extreme case. The 
Municipal Borough of Eye in East Suffolk has a 
population of approximately 1,600 and since the 
normal mortality of this population is below the 
national level it generally has less than twenty 
deaths in a year. However, the area contains a 
sizeable chronic hospital, and in 1953 the borough 
was assigned 138 deaths giving a local ratio of no 
less than 5-08. Since the hospital satisfied the 
1954 criterion for treatment as a general hospital 
the deaths attributed to Eye fell back in the following 
year from 138 to nineteen. This latter change re- 
sulted from the fact that, of the 122 occupied beds 
in the hospital, an average of four were in use for 
maternity cases and these contributed 149 to the 
total of 378 discharges and deaths during the year 
(Ministry of Health, 1956). Had the chronic part of 
the hospital been considered as a separate institu- 
tion (the course recommended where possible by 





+ By a very natural slip the death rate for this area in 1953 was 
ublished as 8-5 per thousand instead of 85-2, and the local ratio as 
-S1 instead of 5-08. 
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the 1952 Memorandum), the borough might have 
had a local ratio in 1954 ashigh as the absurd 
figure for 1953. There are a number of other areas 
(e.g. Totnes U.D., Lichfield M.B.) in which reversion 
to normal ratios was brought by the presence of a 
small maternity unit in a hospital mainly devoted to 
the chronic sick. 

In areas such as Eye M.B. the local ratio may be 
expected to remain at a normal level from 1954 
onwards, but a series of abrupt upward and down- 
ward changes could easily occur where there is a 
large hospital with an annual number of discharges 
close to twice the average bed occupation. This 
possibility is illustrated by Maidenhead M.B. 
(census population 27,125) where there is a hospital 
for the chronic sick disproportionately large in 
comparison with the size of the town. As the average 
daily bed occupation at this hospital during 1953 
was 166, it required 332 deaths or discharges to 
remove it from the chronic category and there were 
in fact 333. The local ratio accordingly fell from 
1-33 in 1953 to 0-81 in 1954. This case brings to 
light a remarkable paradox resulting from the 
current registration procedure: that a small but 
genuine increase in the number of deaths in a hos- 
pital for the chronic sick may produce a large but 
artificial decrease in the official death-rate of the 
surrounding area. 

Of greater importance than the areas in which a 
normal situation was restored, by accident or 
design, in 1954 are the more numerous areas where 
an artificial inflation of the local ratio threatens to 
remain as long as the current regulations stay in 
force. These are not easy to enumerate in full, 
because the effect in populous areas naturally tends 
to be small and because one cannot always exclude 
the possibility that a genuine increase in local mor- 
tality coincided with the introduction of the new 
regulations. Moreover, it would be misleading to 
suggest that any list of areas where the local ratio 
has risen could give a full account of the effect of 
these regulations. For, if it is agreed that the new 
regulations give rise to spurious increases in the 
mortality of areas which “import’’ chronic or mental 
invalids, then it must also be the case that there are 
spurious (albeit smaller) decreases in all other areas, 
except those which (if they exist) cater exactly for 
the chronic and mental bed requirements of their 
own residents. However, it is comparatively easy 
to identify the most seriously affected areas, and a 
list of 106 of these is given in the Appendix to this 
paper. This list is restricted to areas which satisfy 
the following three requirements: they contain a 
number of chronic, mental, or mental deficiency 
beds which is large relative to the population; local 


ratios suggest an increase in mortality since the 
introduction of the new rules; and deaths attributed 
to the area have increased by a number which is 
unlikely to be due to chance. The test for meeting 
the third of these requirements was as follows: 
if A represents the number of deaths in the 2 years 
preceding the change in regulations, and B repre- 
sents the number in the 2 years following, then the 


(B— A)* 
A+B 


Since the only cases to be considered are those in 
which B exceeds A, this is equivalent to a 7? test at 
the | in 1,000 level. As the null hypothesis takes no 
account of the contemporary decrease in deaths in 
the country as a whole, and as there are less than 
1,500 areas altogether, this requirement is probably 
adequate to exclude trivial or illusory cases. The 
use of pairs of years in the comparison should help 
to reduce the influence of epidemic fluctuations, 
but it is possible that an area which escaped lightly 
in the 1951 outbreak of influenza and then suffered 
badly in 1953 might be wrongly included in the list. 
The total of 106 areas does not include those in 
which there was a reversion to normal in 1954, but 
an additional list is given in the Appendix of 23 
such areas in which the transitory increase, as judged 
from a comparison of two single years, was as signifi- 
cant as the more permanent increase in the 106 areas. 

The areas in the main list range in population 
from 1,713 (Woodstock M.B.) to 333,328 (Wands- 
worth Met. B.). As might be expected, they include 
a considerable number of small population units, 
but the average population is 86 per cent. as great 
as the average for all local government areas in 
England and Wales. Their aggregate population is 
nearly 2,750,000, and the crude death rate of this 
aggregate has risen from about 10 per cent. below the 
national level to about 30 per cent. above it. In 
twelve cases the local ratio has been more than 
doubled. That this is not an exhaustive list is 
illustrated by the failure of Ilford M.B. to pass the 
three requirements listed above, although, from 
local knowledge, the Medical Officer of Health for 
this large town has been able to show that it has 
suffered an inportant artificial increase in mortality 
under the current rules (Gordon, 1956). 

Although the list contains only about one in 
fifteen of local government areas in the country as 
a whole, it includes eight of the fifty areas whose 
boundaries touch the edge of the Greater London 
Conurbation. This no doubt reflects the position of 
the central London area as the greatest “‘exporting”’ 
area of chronic and mental patients. In ten Metro- 
politan Boroughs of the County of London, the 


quantity should be greater than 9-55. 
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jocal ratios for 1953 and for 1954 were both lower 
than for any of the preceding 5 years. But the new 
regulations show their effect on this large “‘exporting” 
area, not so much by the few instances of a dramatic 
fall in local ratio as by the disturbance of the estab- 
lished general pattern of local mortality. Attention 
has already been drawn to a sudden change in the 
apparent distribution within London of mortality 
from respiratory disease (Hewitt, 1956). The Table 
shows what has happened in this region to the 
mortality from all causes, setting out the correla- 
tions for each year from 1948-54 between the local 
ratios of the 28 Metropolitan Boroughs and two 
traditional indices of adverse living conditions 
taken from the County Census Report (General 
Register Office, 1953). With the introduction of 
the new regulations, these correlations have fallen 
precipitately: in the case of density per room to 
about one-sixth and in the case of low economic 
status to about one-third of the former level. It is 
true that the correlations showed a fall in 1952, 
(which, by virtue of the December fog disaster, was 
an exceptional year), but there can be little doubt 
that the unprecedentedly low correlation in 1953, 
persisting in 1954, is due to artificial causes. It 
must be concluded that the official death rates of 
the Metropolitan Boroughs have lost the value 
which they formerly had both for administrators 
and for research workers. 


TABLE 


METROPOLITAN BOROUGHS OF LONDON 
CORRELATION BETWEEN TWO INDICES OF ADVERSE 
LIVING CONDITIONS AND THE RATIO OF LOCAL 

ADJUSTED TO NATIONAL DEATH RATE 





Index 





Per cent. of 
Occupied Males 
in Social Classes 

IV and V 


Ratio of Persons 
to Rooms 





+ 844 


1952 
Average 1948-52 


, 1953 
1954 


Average 1953-54 




















It is fortunate that the local ratios for the County 
Boroughs which, together with those for the Metro- 
politan Boroughs, customarily receive the most 
attention, have been less severely affected. This is 
probably because most County Boroughs come 
tolerably near to balancing their own requirements 


for mental and chronic beds. (Among the possible 
exceptions are Burton on Trent, East Ham, Oldham, 
Preston, Smethwick, Wakefield, and West Ham.) 


DISCUSSION 


These unfortunate consequences of the new regula- 
tions probably could not have been foreseen in 1952, 
and might be acceptable even now if they were 
balanced by some solid advantage. But any such 
advantage is hard to detect. The object of transfer 
procedure, as set out concisely in the 1952 Memoran- 
dum, is to ensure “‘that vital events should, whenever 
possible, be assigned to the area of the population 
at risk”. There is no doubt about the application of 
this principle when a patient is removed from his 
home to another area during an acute and fatal 
illness. The application is certainly less clear in the 
case of a patient who has spent months or possibly 
years in an institution and may finally die from a 
disease which could not possibly have been diagnosed 
at the time of his first admission to hospital. But the 
principle is the same. Persons admitted to mental 
hospitals or hospitals for the chronic sick are known 
to have death-rates several times higher than those 
of the general population. Moreover, the bulk of 
deaths in these institutions, as outside them, are due 
to conditions which originate in the course of decades 
rather than in months or years. The average dura- 
tion of stay in a mental hospital for patients dis- 
charged or dying during 1953 was less than 2 years, 
and in chronic hospitals only 6 months (Ministry 
of Health, 1956). Most of the patients who have 
spent even four times this average period in hospital 
will have lived three-quarters or more of their lives 
outside hospital. Even the death of a child with 
congenital mental defect who may have spent 
almost all his life in an institution ought surely (like 
the stillbirth of a malformed infant) to be assigned 
to the area of his mother’s usual residence. In 
short, length of residence in a hospital or institution 
does not of itself justify any registration procedure 
different from that which is still admitted to be 
appropriate in the case of a general hospital. 

It may be, however, that the decision to introduce 
the new regulations was determined in part by 
considerations of convenience or economy. The 
saving of effort must, however, be small in relation 
to that still required to effect the transfer of deaths 
occurring in general hospitals. The extra costs 
which would be incurred by re-introducing the old 
scheme can only be estimated by the authorities, 
but one may guess that it could easily be covered, 
for example, by a small increase in the charges made 
for searches and certificates. In any case, the pres- 
ent compromise between a thoroughgoing transfer 
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system and the primitive system by which all deaths 
are assigned to the area of occurrence can hardly 
be held to yield an adequate return for the labour 
involved. As Gordon (1956) observed, “It may well 
be asked why the Registrar-General goes to the 
trouble of providing each district with a compara- 
bility factor to standardize its death-rate for age 
and sex when large errors resulting from official 
manipulation of hospital deaths may completely 
vitiate the result’’. 

Fortunately the Circular letter to Medical Officers 
of Health in 1954 (General Register Office, 1954) 
promised that the new regulations would be recon- 
sidered after a trial period. It is to be hoped that 
these regulations do not become a permanent part 
of our registration system. 


SUMMARY 
The new regulations introduced in 1953 and 1954 
regarding the statistical treatment of deaths occur- 
ring in hospitals for the chronic sick, mental 


hospitals, and mental deficiency institutions have 
had a deleterious effect on local mortality figures, 
Upwards of a hundred areas which “import” 
chronic or mental invalids have experienced a 
significant and spurious rise in their local mortality 
rates, while opposite though less dramatic effects 
have occurred in “exporting” areas. Effects of the 
latter type are seen at their worst in the London 
area. It is suggested that a return to the rules in 
force before 1953 is desirable. 
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APPENDIX 


The following lists give the areas which are judged, 
according to the criteria stated in the text, to have 
suffered a spurious increase in local mortality since 
the introduction of the new transfer regulations. 
Those in List II had reverted to a normal level by 
1954, those in List I had not. The figure after each 


List 1 


Berkshire: Wallingford M.B., 166. 


Cheshire: Knutsford U.D., 72*; Chester R.D., 59; 
Congleton R.D., 74. 


Cornwall: Bodmin M.B., 165; Liskeard M.B., 77. 
Derbyshire: Ashbourne U.D., 53; Bakewell U.D., 96. 


Devon: St. Thomas R.D., 42; Totnes R.D., 37; Wareham 
M.B., 65*; Wimborne Minster U.D., 53. 


Durham: Sedgefield R.D., 32; Sunderland R.D., 37. 
Ely: Ely M.B., 53; Wisbech M.B., 32. 


Essex: Brentwood U.D., 28; Colchester M.B., 24; 
Hornchurch U.D., 32; Tendring R.D., 22*. 


Gloucestershire: Gloucester R.D., 51; Thornbury R.D., 
22. 


Herefordshire: Hereford R.D., 45. 


Hertfordshire: Ware U.D., 75*; Elstree R.D., 165; St. 
Albans R.D., 139; Watford R.D., 56. 


Huntingdonshire: Huntingdon M.B., 98*. 


area indicates the percentage by which the mean of 
the local ratios for the pair of years following the 
change exceeded the mean for the pair of years 
preceding it (single years only for List I). 

An asterisk indicates that the new rules had evidently 
come into operation during 1952. 


Kent: Dartford M.B., 32; Faversham M.B., 69*; Sitting- 
bourne and Milton U.D., 53; Tenterden M.B., 61; 
Bridge Blean R.D., 49; Eastry R.D., 39; Elham R.D., 
50; Maidstone R.D., 55; West Ashford R.D., 73. 


Lancashire: Billinge and Winstanley U.D., 272; Eccles 
M.B., 26; Lancaster M.B., 18; Prestwich M.B., 19; 
Rawtenstall M.B., 122; Preston R.D., 38; Warrington 
R.D., 57. 


Lincolnshire: North Kesteven R.D., 49. 
London: Wandsworth Met. B., 16. 
Middlesex: Friern Barnet U.D., 55; Southall M.B., 35. 


Norfolk: Downham Market U.D., 74*; Forehoe and 
Henstead R.D., 28; St Faith’s and Aylsham R.D., 35. 


Northamptonshire: Brixworth R.D., 52. 


Northumberland: Gosforth U.D., 44; Morpeth M.B., 54; 
Castle Ward R.D., 103*. 


Nottinghamshire: Bingham R.D., 43. 
Oxfordshire: Woodstock M.B., 160*. 
Rutland: Oakham U.D., 76. 








ms have 
’ figures, 
import” 
enced 4a 
nortality 
> effects 
S of the 
London 
rules in 


nd Wales, 


Officer of 


Medic ine, 


‘pital and 
the Year 


Statistical 


ean of 
ng the 
years 


dently 


itting- 
bp ae 
R.D., 
le 

Eccles 
ms 89° 
ngton 





VAGARIES OF LOCAL MORTALITY RATES 49 


Shropshire: Bishop’s Castle M.B., 120®; Wenlock M.B., 
38; Whitchurch U.D., 44; Oswestry R.D., 44. 


Somerset: Keynsham U.D., 40; Taunton R.D., 48. 
Southampton; Basingstoke R.D., 98; Winchester R.D., 
46. 


Staffordshire: Stafford M.B., 27; Stone U.D., 128; 
Cheadle R.D., 41; Lichfield R.D., 30. 

Surrey: Banstead U.D., 66; Coulsdon and Purley U.D., 
35; Epsom and Ewell M.B., 68; Woking U.D., 17. 


| Sussex, East: Cuckfield U.D., 24; Newhaven U.D., 55; 


Chailey R.D., 36; Hailsham R.D., 30. 


| Sussex, West: Chichester, M.B. 31. 


Warwickshire: Bedworth U.D., 95; Warwick R.D., 86. 

Isle of Wight: Newport M.B., 32. 

Wiltshire: Chippenham M.B., 35; Salisbury M.B., 28; 
Warminster U.D., 56; Bradford and Melksham R.D., 
39; Devizes R.D., 76. 

Worcestershire: Bromsgrove U.D., 32; Upton-on-Severn 
R.D., 46. 

Yorkshire, East Riding: Haltemprice U.D., 29; Beverley 
R.D., 47. 

Yorkshire, West Riding: Aireborough U.D., 34; Goole 
M.B., 45; Hemsworth U.D., 125; Holmfirth U.D., 49; 
Kirkburton U.D., 85; Rothwell U.D., 46; Skipton 
U.D., 49; Wortley R.D., 40. 


Anglesey: Valley R.D., 37. 
Brecknockshire: Hay R.D., 105. 
Carmarthenshire: Carmarthen M.B., 36. 


Denbighshire: Denbigh M.B., 87. 
Glamorgan: Penybont R.D., 40. 


Monmouthshire: Caerleon U.D., 66; Abergavenny R.D., 
97. 


List ll 


Berkshire: Maidenhead M.B., 45. 
Buckinghamshire: Newport Pagnell U.D., 137. 
Cheshire: Nantwich U.D., 186. 


Devonshire: Barnstaple M.B., 49; Honiton M.B., 241; 
Totnes M.B., 83. 


Dorset: Dorchester M.B., 51. 
Essex: Leyton M.B., 58; Maldon M.B., 75. 
Lancashire: Atherton U.D., 77; Fylde R.D., 54. 


Northamptonshire: Daventry M.B., 289*; Oundle U.D., 
96; Kettering M.B., 30. 


Southampton: Christchurch M.B., 45. 
Staffordshire: Lichfield M.B., 69. 
Suffolk: Eye M.B., 642. 


Worcestershire: Evesham M.B., 104; Kidderminster 
M.B., 36. 
Yorkshire, West Riding: Knaresborough U.D., 112; 


Pontefract M.B., 48*. 
Glamorgan: Pontypridd U.D., 29. 
Pembrokeshire: Haverfordwest M.B., 83. 
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